The effect of composted swine manure amendments on the nitrogen mineralization of legume green manures by Rusk, Ryan Elton
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2003 
The effect of composted swine manure amendments on the 
nitrogen mineralization of legume green manures 
Ryan Elton Rusk 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Rusk, Ryan Elton, "The effect of composted swine manure amendments on the nitrogen mineralization of 
legume green manures" (2003). Retrospective Theses and Dissertations. 20022. 
https://lib.dr.iastate.edu/rtd/20022 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
The effect of composted swine manure amendments on the nitrogen mineralization 
of legume green manures 
by 
Ryan Elton Rusk 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Sustainable Agriculture 
Program of Study Committee: 
Mary H. Wiedenhoeft (Major Professor) 
Matt Liebman 
Richard M. Cruse 
Michael D. Duffy 
Iowa State University 
Ames, Iowa 
2003 
11 
Graduate College 
Iowa State University 
This is to certify that the master's thesis of 
Ryan Elton Rusk 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
111 
TABLE OF CONTENTS 
CHAPTER 1. GENERAL INTRODUCTION ..................................................................... 1 
Thesis Organization ................................................................................................... 3 
CHAPTER 2. LITERATURE REVIEW .............................................................................. 4 
Nitrogen Yields of Alfalfa and Red Clover ............................................................... 4 
Nitrogen Mineralization Rates of Legumes ............................................................... 7 
Leachable N Levels After Com Harvest .................................................................. 10 
Positive Agronomic Aspects of Legumes ................................................................ 1 O 
Negative Agronomic Aspects of Legumes .............................................................. 13 
Yield and Economic Aspects of Including Legumes in Crop Rotations ................. 1 7 
Effects of Manure and Compost on Cropping Systems ........................................... 18 
Mineralization Rates of Legumes With Manure or Compost Amendments ........... 21 
CHAPTER 3. MATERIALS AND METHODS ................................................................ 22 
Plot Background and Experimental Design ............................................................. 22 
Plot Field Operations ............................................................................................... 23 
Data Collection ........................................................................................................ 25 
Statistical Analysis ................................................................................................... 29 
CHAPTER 4. RESULTS AND DISCUSSION .................................................................. 32 
Plowdown Yield and Composition .......................................................................... 32 
Nitrogen Availability ............................................................................................... 36 
Soil Moisture and Com Yields ................................................................................ 42 
Other Crop Yields .................................................................................................... 46 
Economic Analysis .................................................................................................. 48 
IV 
CHAPTER 5. CONCLUSION ........................................................................................... 72 
CHAPTER 6. GENERAL CONCLUSION ....................................................................... 74 
LITERATURE CITED ........................................................................................................ 76 
ACKNOWLEDGMENTS ................................................................................................... 82 
APPENDIX 1. PLOT DESIGN AND TREATMENT LAYOUT ...................................... 84 
1 
CHAPTERl. GENERALINTRODUCTION 
Legumes have been used extensively in the past as a source of nitrogen (N) in many 
different cropping systems, but their use decreased drastically with the development of the 
Haber-Bosch process for producing N. This process has led to the development of 
monocultures in which large amounts of synthetic N are used to sustain plant growth and 
development. According to Power and Doran (1984), N fertilizer applied each year in the 
United States rose from 2.4 million U.S. ton in 1959 to 9.5 million ton in 1979, while legume 
seed production (excluding soybeans (Glycine max L. Merr)) decreased from 180 million 
kg/year to 67 million kg/year during that same time period. 
Many crops, such as com (Zea mays L.), require large amounts ofN in order to grow 
and develop properly. Nitrogen is often a limiting factor in com yield, so a cheap supply of 
N fertilizer from the Haber-Bosch process had led to the over application of this nutrient to 
ensure high yields under many different environmental conditions. Widespread use of 
synthetic N has resulted in environmental degradation, which include air pollution from 
manufacturing N fertilizer and an increased level of nitrates in ground and surface waters. 
Surface water contamination with N fertilizer in the Midwest has been linked to the Hypoxic 
zone in the Gulf of Mexico (Rabalais et al., 1996). These concerns have brought about 
increased interest in the use oflegumes and livestock manure as alternative sources ofN in 
cropping systems. 
Alfalfa (Medicago sativa L.) has been the most widely used legume in cropping 
systems, but many farmers are now trying to find other legumes that will fit better into their 
rotations and still provide large amounts of fixed N. One alternative being studied is red 
clover (Trifolium pratense L.). Farmers are interested in the use ofred clover because red 
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clover seed is cheaper than alfalfa seed and does not require as many years of production to 
offset the seed costs. Alfalfa has long been known as the "queen of the forages" because of 
its high yields and ability to fix large amounts ofN for succeeding crops, where as red clover 
is considered a biennial or a short-lived perennial and is not as productive in the long-term. 
Livestock manure has frequently been considered a "waste product" on many farms 
and the handling of the manure has focused on disposing of this "waste product" rather than 
trying to best utilize it as a nutrient source. Manure has oftentimes been applied in large 
quantities to areas of the farmer's field that are close to the building sites. This practice has 
led to the accumulation of nutrients, such as phosphorus and potassium (P and K), in these 
areas while the rest of the field is supplied with commercial fertilizer in order to meet crop 
needs. High levels of P in these soils has led to increased environmental problems because 
this extra P moves with soil particles during high rainfall events and ends up in streams and 
lakes. This additional P in surface waters increases algal growth and this leads to 
eutrophication, in which limited oxygen levels in the water kill fish and other organisms. 
Manure is also applied during the winter months, in many cases, because no other 
fieldwork is taking place during this period and farmers often have extra time available. 
Applying manure in winter leads to higher amounts of manure running off the field in early 
spring and also leads to large amounts ofN being lost due to volatilization. Applying 
manure in either the spring or fall and then incorporating it soon after reduces N loss 
considerably. Composted manure generally loses substantial amounts ofN and other 
nutrients during composting, but because most of the nutrients are tied up in organic matter 
in fully composted manure, field losses after application are reduced significantly. 
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Proper management and utilization oflegume green manures and livestock manure is 
critical for organic producers because synthetic fertilizers are not allowed in organic 
production. Organic producers are also not allowed to use any other synthetic chemicals, 
such as herbicides, insecticides, and fungicides, and they cannot grow genetically modified 
crops. Despite these regulations, the organic industry was an $8 billion industry in 2000 and 
it continues to grow at a rate of 20% annually (Delate, 2002). Since organic production is 
continuing to grow, it is important to develop management strategies that will allow organic 
producers to better utilize legume green manures and livestock manure or compost as key 
components of their farming system. 
The objectives of this research were to determine the effect of composted swine (Sus 
scrofa domesticus) manure amendments on the N mineralization of both alfalfa and red 
clover green manures, to evaluate the N availability during different times of the season, and 
to determine the effect of these combinations on final com yield and nitrate leaching 
potential. It was also the goal of this research to compare the economic feasibility between a 
three-year organic, four-year organic, and a two-year conventional rotation. 
Thesis Organization 
The first chapter of this thesis consists of a general introduction and a description of the 
contents that follow. Chapter two is a review of the literature relevant to this project. 
Chapter three explains the materials and methods used to conduct this experiment. Chapter 
four summarizes and discusses the results from the research in a results and discussion 
section. Chapter five discusses the conclusions that were drawn from this particular 
experiment and chapter six explains some general conclusions and discusses 
recommendations for future research. 
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CHAPTER 2. LITERATURE REVIEW 
Nitrogen Yields of Alfalfa and Red Clover 
Alfalfa has long been used in cropping systems as a source of high quality livestock 
feed. This has often been the main reason for growing alfalfa and other forage legumes in 
the past, while the N contribution from these legumes has been seen as a secondary benefit. 
These legumes have oftentimes been grown in areas of the field where com and soybeans do 
not perform as well. Because these legumes are not involved directly in the cropping 
rotation, their N contribution to com, as well as the many other benefits of growing forage 
legumes in rotation, are not realized to a large extent. Increasingly, many farmers and 
researchers are becoming interested in the use of legumes in crop rotations as not only a feed 
source, but also as a large supplier of available N for succeeding crops, weed and insect 
suppression, erosion control, soil improvement, and many other benefits. The most noted 
benefit of legumes is the N they supply for succeeding crops. 
Fox and Piekielek (1988) noted that N fertilizer recommendations for first-year com 
following a three-year-old stand of alfalfa could be reduced by 120 lb/acre, while reductions 
of 90 lb/acre could be expected following a two-year-old stand ofred clover. They also 
observed that N fertilizer could be reduced by 30 lb/acre the second year following either of 
these legumes and 15 lb/acre the third year. The relative fertilizer equivalence for the second 
season after alfalfa or meadow differs slightly from the value of 60-80 lb/acre that was 
reported by Shrader et al. (1966) and Fox and Piekielek (1983). It is important to realize that 
the N fixed by legumes is not all available the first season following legume plowdown and 
N credits should be accounted for the next growing season and perhaps the third growing 
season as well. Fox and Piekielek (1988) determined that 70% of the total N from legumes is 
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released the first year, 20% the second year, and the final 10% mineralized the third growing 
season. The percentage ofN mineralized the first season also agrees with Bruulsema and 
Christie (1987) who reported between 65 and 70% of the total N becoming available the first 
growing season following legumes. It is important to note that the length of legume 
establishment, seeding method, growing conditions, the area in which the legumes were 
seeded, and the timing of legume killing or incorporation will affect the amount of N that is 
fixed by each species. Much of the data available will give different N credit values for both 
alfalfa and red clover, but the data by Fox and Piekielek (1988) appears to be average values 
for each of the two legumes when established for more than one season. 
Bruulsema and Christie ( 1987) reported that the plowdown N yield of alfalfa was 
53% greater than that ofred clover when both species were direct seeded and uncut the first 
growing season. They also noted that N yield of alfalfa was 14% less than that ofred clover 
when both species were undersown with oats (Avena sativa L.). Stute and Posner (1995a) 
found that companion-seeded red clover yielded 128 lb ofN/acre while companion seeded 
alfalfa yielded 53 lb ofN/acre during the seeding year from 1989-1992. Hesterman et al. 
(1992) found results that were contrary to both Stute and Posner (1995a) and Bruulsema and 
Christie (1987) when they reported seeding year N yields of 46 lb/acre for alfalfa and 33 
lb/acre for red clover when companion seeded with oats. 
This data shows the wide variation in legume N yield during different growing 
seasons and in different locations, but it is apparent that red clover is equally or better suited 
than alfalfa to companion seeding while alfalfa is better suited to direct seeding with no 
companion crop. Gist and Mott (1958) discovered that between 41 and 56 days after 
seedling emergence, red clover had 20% more shoot growth and 50% less root growth at the 
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highest light level than did alfalfa, but red clover had nearly twice the amount of top growth 
as alfalfa under the lowest light treatments. Companion seeding legumes with small grains 
not only affects the yield of the legumes, but also has the potential to reduce the yield of the 
small grain as well. Kunelius et al. (1992) discovered that red clover underseeded in barley 
(Hordeum vulgare L.) reduced the grain yield of the barley by about 10% and Wynn-
Williams (1975) reported an 11 % decrease in the grain yields of barley that were 
underseeded with alfalfa. In contrast to these reports, Stewart et al. (1980) found no yield 
reductions in barley when it was underseeded with red clover. Kunelius et al. (1992) 
reported no difference in the leaf disease severity of barley with underseeded forages, but did 
discover that the root biomass was increased with underseeding of the forages, which would 
help reduce erosion and build soil structure. 
Two other management factors are also vital to the amount ofN that is available for a 
succeeding crop following a forage legume. When forage legumes are established solely as a 
green manure crop, it is reasonable to assume that farmers would want to get a cutting of hay 
off of the legumes in the fall before incorporating/killing the legume. Heichel et al. ( 1985) 
and Stute and Posner (1995a) noted that herbage contribution to total N yield is reduced for 
plowdown and that removal of any herbage in the seeding year may result in a net soil N 
deficit. This author believes that cutting the legume the seeding year and leaving the plant 
material in the field may be a good way of reducing weed populations and also allowing for 
more productive regrowth of the legumes and more N fixation. 
The other management factor is the timing of legume incorporation/killing. Tiffin 
and Hesterman (1998) reported that early-killed red clover (2 weeks prior to planting) in the 
spring accumulated 28 lb ofN/acre in 1993 and 1994 while late-killed red clover (3 days 
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prior to planting) in the spring yielded 50 lb ofN/acre during that same period. In both years, 
early killed red clover limited the quantity ofN accumulated in above ground biomass and 
thus plowdown N yields. However, Tiffin and Hesterman (1998) found no significant 
differences in the com ear-leafN concentrations, com grain yield, or grain N content in 
either 1993 or 1994, suggesting that kill date did not affect the N available to the succeeding 
com crop even though more N was found in late killed red clover. Similar amounts of N 
may have been available for com growth because ofN immobilization from more mature red 
clover, changes in red clover chemical composition from advanced maturity (Wagger, 1989b; 
Tiffin and Hesterman, 1998), or the higher N content oflate-killed red clover shoots resulting 
from uptake of soil N rather than biologically fixed atmospheric N (Rice, 1980; Tiffin and 
Hesterman, 1998). 
Nitrogen Mineralization Rates of Legumes 
It is important to determine when this N will mineralize and become available for 
plant growth because large amounts of available N are required by com plants when they 
reach the fifth or sixth leaf stage (Magdoff, 1991; Stute and Posner, 1995b; Dou et al., 1995). 
Many factors determine the rate at which organic residues are decomposed when added to the 
soil. Some of those factors include soil temperature, soil moisture content and aeration, soil 
pH, carbon to nitrogen (C:N) ratio and composition of the material, and incorporation 
method of the residues. Warm soils with adequate moisture, aeration, and near neutral pH 
favor soil microbial activity and thus rapid decomposition of organic matter. The C:N ratio 
of the material is important in determining if net mineralization or immobilization ofN will 
occur and the rate at which residues can be broken down by soil microorganisms. Cellulose 
and lignin concentrations affect the rate at which residues are broken down because these 
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compounds are complex and require a wide array of microorganisms and enzymes present to 
be broken down. 
Experiments conducted in Ontario have indicated that com yields saw a greater 
response following the plowdown ofless mature plant material (Fulkerson, 1983; Bruulsema 
and Christie, 1987), and it was noted that the mature material with higher lignin 
concentrations gave less com yield benefit per unit ofN that was present in the plowdown 
(Bruulsema and Christie, 1987; Wagger, 1989a; Tiffin and Hesterman, 1998). Less mature 
legume plowdowns generally have very high N concentrations, which may stimulate the 
mineralization of soil organic N, also called the "priming" effect (Yaacob and Blair, 1980; 
Jansson and Persson, 1982; Bruulsema and Christie, 1987). This priming effect could be 
partly responsible for the greater response of com to the plowdown of less mature legumes 
along with the higher lignin concentrations of the older legume residue. Bruulsema and 
Christie (1987) suggested that the lignification of plant tissue plays a large role in limiting 
the release ofN from decomposing plant residues. Wivstad (1999) determined that the cell 
wall to N (CW:N) and lignin to N (L:N) ratios tend to be better predictors of net N 
mineralization than do the cell wall or lignin concentrations, especially for red clover. 
Tillage method and frequency also have dramatic effects on the decomposition rates 
of plant residues. Dou et al. (1995) noted that the net N mineralization rates of legume 
residues were twice as rapid following conventional tillage as compared with no tillage in 
1991. Fox and Bandel (1986) and Dou et al. (1995) suggested that mineralization activity 
increases after plowing due to the disturbance and increased aeration of the soil. 
Incorporation will also lead to higher mineralization rates because the organic material is no 
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longer laying on the soil surface, but is now mixed into the soil where it is readily available 
to soil microorganisms. 
Stute and Posner (1995b) found that soil mineral N concentrations following a one-
year-old stand of red clover reached their maximum level four weeks after planting (W AP). 
Tillage was done one day before planting and consisted of chisel plowing with twisted 
shanks, disking, and field cultivating. Hairy vetch (Vicia villosa L.) residues mineralized 
more N by the first sampling date (two W AP) than did red clover ( 46 vs. 24% of the N in the 
plant residues), but N mineralization values were similar at the four-week sampling date 
when both legumes had released 50% of their N (Stute and Posner, 1995b ). Dou et al. (1995) 
also determined that soil nitrate concentrations following legume green manure plowdown 
reached their peak values about four weeks after com planting. Mineralization rates slowed 
dramatically after the four-week sampling date and it was determined that very little N was 
released beyond the 10th week (Stute and Posner, 1995b). Sanchez et al. (2001) also found 
that red clover additions released considerable amounts ofN in the first 70 days, but only 
small amounts between 70 and 150 days of incubation. 
Stevenson (1986) and Wivstad (1999) believe that this low net release oflegume N 
after a rapid initial decomposition period is due to the stabilization of the legume Nin slowly 
decomposable pools of soil organic matter. Dou and Fox (1994) and Dou et al. (1995) 
estimated that 50% of the total N that was in legume plant tissue was recovered by com in 
1991. Stute and Posner (1995b) and Dou et al. (1995) determined that legume green manures 
incorporated into the soil are able to meet the N demand of a succeeding com crop, both in 
quantity and in synchrony with uptake demands of the com. 
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Leachable N Levels After Corn Harvest 
The potential for nitrate leaching from organic N sources, such as legumes or animal 
manure, because of continued mineralization of the organic materials during periods with 
little or no crop uptake, has been expressed. King (1990) and Dou et al. (1995) believe 
organic N sources could be more of a problem than inorganic sources ofN because of the 
continued mineralization throughout the entire growing season and after harvest. Dou et al. 
(1995) however, did find that legume green manures appeared to provide N for near 
maximum com grain yield without increasing the risk for overwintering leaching problems 
when compared to fertilizer N applied at the economic optimum rate. Stute and Posner 
(1995b) found significantly higher nitrate leaching potentials at the 30 to 60 cm and 60 to 90 
cm depths following treatments with 179 kg/ha ofN applied when compared to treatments 
following legumes or treatments where no N was applied. 
From the data presented above, nitrate leaching may not be a concern if legume green 
manures are the entire source ofN for a succeeding com crop. However, legume green 
manures amended with livestock manure could be a concern because the manure provides 
another organic N source that will mineralize over the growing season and could possibly 
leave large amounts of nitrate-Nin the soil after crop harvest. 
Positive Agronomic Aspects of Legumes 
As discussed in detail above, legumes have the ability to fix and leave large amounts 
ofN to succeeding crops, while mineralizing sufficient amounts ofN to meet crop needs and 
not leaving large amounts ofleachable nitrate at the end of the growing season. Legumes 
also have many other benefits, which include reducing soil erosion, increasing soil organic 
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matter levels, improving soil structure, and reducing weed, insect, and disease pressures for 
other crops in the rotation sequence. 
Johnston et al. (1943) found that the average soil loss for continuous corn, corn, oats, 
red clover, and bluegrass were 39 .3, 19 .2, 10. 7, 0.11, and 0.02 tons per acre, respectively. 
The corn, oats, and red clover in this study were managed in a three-year crop rotation while 
the bluegrass was not in rotation with any other crops. Johnston et al. (1943) also discovered 
that from 1931 to 1942, the change in the organic matter content under bluegrass or under the 
rotation of corn, oats, and red clover was not significant, while the continuous corn cropping 
system resulted in a 16% decrease in organic matter, from 3.39% to 2.86% in just 12 years. 
These authors believed that the vegetative cover provided by the red clover, oats, and 
bluegrass resulted in the favorable soil structural conditions and organic matter increases, 
while reducing the amount of soil lost to erosion. 
Strickling (1950) determined that the best rotation for building and maintaining soil 
aggregation on a Celina silt loam soil (Fine, mixed, mesic Aquic Hapludalfs) was a corn-
wheat-hay-hay rotation, while the lowest soil aggregation was achieved in a com-soybean 
(soybean for hay) rotation and a com-soybean (both crops for grain) rotation. Strickling 
(1950) also found that the level of soil organic matter present was a good indicator of soil 
aggregate stability. The water-stability of macroaggregates also depends largely on plant 
roots and fungal hyphae, while the number of stable macroaggregates decline with organic 
matter content as plant roots and hyphae are decomposed and not replaced (Tisdall and 
Oades, 1982). Tisdall and Oades (1982) also determined that stable aggregation is 
influenced by management techniques because aggregation is increased under pasture 
systems and decreased under arable cropping systems, especially fallow. 
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Legumes included in crop rotations can also lead to many benefits when dealing with 
pest management strategies. Rotations that include forage legumes are generally more 
diverse than rotations that do not include forages. The longer and more diversified rotation 
often leads to a reduction of weed, insect, and disease pests for many of the crops within the 
rotation. The life cycles of many pests, including com rootworm and soybean cyst 
nematode, are such that longer rotations including many non-host plants may reduce the 
populations of these pests and thus reduce crop damage inflicted by these pests (Mullen, 
1996; Tylka, 1995). 
Longer rotations and forage legumes also have a direct effect on many weed species, 
which include mulching effects, competition with weeds, and allelopathy. Crop rotation is 
often useful in reducing weed populations because a mixture of crop species usually have 
different life cycles, and thus weeds with different life cycles have more competition from 
crops in certain years and less in other years. Schreiber (1992) discovered that crop rotation 
was able to significantly reduce stands of giant foxtail (Seteria faberii Herrm.). He found 
that the soybean-wheat-com rotation was more effective than the continuous com and 
soybean-com rotations in all tillage systems, which included conventional tillage, 
conservation tillage, and no-tillage. Dyck et al. (1995) found that crimson clover (Trifolium 
incarnatum L.) planted in the spring and incorporated before sweet com planting in July 
reduced dry matter accumulation oflambsquarters (Chenopodium album L.) by 72% two 
weeks after emergence and by 39% at final harvest when compared to N fertilizer treatments 
that did not include a crimson clover doublecrop. 
Red clover and alfalfa have also been known to produce allelopathic chemicals (toxic 
to other species) that are given off into the soil during decomposition of the legume residues. 
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Ohno et al. (2000) found that red clover residue incorporated into the soil caused a 20% 
reduction in the radicle growth of wild mustard eight days after the residue was incorporated. 
The authors determined that the phenolic compounds released by the decomposing red clover 
residue were either adsorbed by soil particles or oxidized within eight days after 
incorporation, so the effect on weed growth and development becomes drastically reduced 
after this initial eight day period. Incorporation of legume residues places the allelopathic 
chemicals in closer proximity to germinating weed seeds and roots when compared to no-
tillage systems (White et al., 1989), but incorporation reduces mulching effects on the soil 
surface. Research done by Chung and Miller (1995) found that alfalfa residues inhibited the 
growth and development of dicotyledonous weeds such as pigweed (Amaranthus retrojlexus 
L.), lambsquarters, and velvetleaf (Abutilon theophrasti Medic.), while the growth of 
monocotyledonous weeds like giant foxtail and cheatgrass (Bromus secalinus L.) were 
stimulated by the alfalfa residues. 
Negative Agronomic Aspects of Legumes 
Including legumes in crop rotations can bring about negative agronomic 
consequences, such as limiting the water availability to succeeding crops and increasing 
certain pest pressures. The effects of these negative consequences can be reduced, however, 
they are still able to reduce crop yields and subsequent profits in certain years. 
Legumes generally have a high water requirement and thus use lots of water for 
growth and development. Growing legumes in rotation can limit the amount of water that is 
available for succeeding crops, and thus can limit yield potential in certain years. Under 
water-limiting growing conditions, com crops that follow legume green manures can be 
affected in a number of ways. These include reduced emergence (Holderbaum et al., 1990; 
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Hesterman et al., 1992; Tiffin and Hesterman, 1998), limited early growth (Holderbaum et 
al., 1990; Corak et al., 1991; Tiffin and Hesterman, 1998), and reduced grain and stover 
yields (Hesterman et al., 1992; Tiffin and Hesterman, 1998) when compared to com that did 
not follow a legume. It is reasonable to believe that these negative effects are caused by a 
depletion of soil water by an actively growing legume (Ebalhar et al., 1984; Frye et al., 1988; 
Badarrudin and Meyer, 1990; Hesterman et al., 1992; Tiffin and Hesterman, 1998). 
Tiffin and Hesterman (1998) found a tendency for soil water content to be lower in 
plots where red clover was killed later in the spring than in plots with early-killed red clover 
or plots with no green manure crop. These authors also determined that soil water 
differences between treatments were most notable at deeper soil depths because of the greater 
water uptake by red clover roots at deeper soil depths. Tiffin and Hesterman (1998) 
concluded that during dry years, green manures should be terminated earlier in the spring as a 
way to minimize soil water depletion by a growing legume. It may also be beneficial to kill 
the legume stand in the fall if water availability is going to be scarce the following spring and 
erosion concerns are minimal. 
With this in mind, legume green manures also may provide a management tool for 
removing excess water from the soil profile during abnormally wet years (Tiffin and 
Hesterman, 1998). The reduction of early-season soil water content by growing legumes 
may also help reduce the potential for nitrate leaching with early season rainfall and also 
allow earlier field operations in the spring (McCracken et al., 1989; Tiffin and Hesterman, 
1998). It is also important to note that an early spring kill oflegume green manures during 
dry seasons may actually help conserve soil water better than a no legume treatment because 
of mulching effects provided by the aboveground residue (Frye et al., 1988; Munawar et al., 
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1990; Tiffin and Hesterman, 1998). Overwintering legume green manure crops can also trap 
more snowfall in areas with cold winters. This may also help alleviate any water shortages 
that are due to early-season growth of the legume before termination in the spring. From the 
data discussed above, it is quite apparent that soil water content can either be reduced 
substantially following legume green manures or, if managed correctly, enhanced due to the 
ability of the green manure to catch extra snowfall and provide a mulch that will reduce 
evaporation rates from wet soils in the spring. 
As discussed earlier, legumes have the ability to reduce weed, insect, and disease 
pressures when included in crop rotation, but legumes also can increase the damage caused 
by a few insect pests to succeeding crops. These insect pests that increase in importance 
following legumes or other sod crops include seedcom maggot (Delia platura Meigen), 
wireworms (Elateridae spp.), and white grubs (Phyllophaga spp.). 
Seedcom maggots are not a problem in the com-soybean rotation that is widely used 
in the Upper Midwest, but they can reach levels that are sufficient to cause economic losses 
only when green, living cover crops, such as winter wheat (Triticum aestivum L.), rye (Secale 
cereale L. ), or alfalfa, are incorporated into the soil in the spring prior to crops such as com 
and soybeans (Hammond and Stinner, 1987; Hammond and Cooper, 1993). Hammond 
(1990) discovered that higher seedcom maggot populations were found in plots where a 
legume (alfalfa or soybean residue) was incorporated into the soil as compared to a grass (rye 
or com residue). Hammond (1990) also found that plots with green, living cover crops 
incorporated into the soil had higher populations of seedcom maggot than did plots with 
incorporated dead crop residue from either com or soybeans. 
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Hammond and Cooper (1993) found that seedcom maggot oviposition was centered 
around a single event, probably around the incorporation of a cover crop because fly 
emergence was noted to happen over a relatively short time span. Seedcom maggot eggs 
hatch into larva that burrow into the planted seed and eat the germ, resulting in reduced 
stands. Incorporation of the organic material is also important in determining seedcom 
maggot populations because maggot numbers were high after organic material is 
incorporated, but were low in no-tillage systems where organic material remained on the soil 
surface (Hammond and Stinner, 1987). 
Plant injury caused by seedcom maggot feeding on com and soybean seeds can be 
reduced if a farmer waits two and a half or three weeks after incorporation of a green, living 
cover crop to plant his com or soybeans (Hammond and Cooper, 1993). This waiting period 
is important because it provides enough time for the seedcom maggots to develop into their 
non-feeding pupal stage of growth, which takes a total of 250 thermal units (base of 3.9° C) 
following incorporation of the cover crop (Hammond and Cooper, 1993). If farmers are not 
able to wait the two and a half or three weeks before planting, they can apply soil insecticides 
or treat the seed with a labeled seed treatment to reduce feeding by seedcom maggots 
(Hammond and Cooper, 1993). 
Wireworms and white grubs can also become problems in crops that are following 
meadow or sod crops. Wireworms usually feed on underground plant parts as well as burrow 
into the seed, with damage most likely to occur in low, poorly drained soils (Mullen, 1996). 
White grubs feed primarily on roots and increased lodging of plants may result due to a 
weakened root system (Mullen, 1996). These pests also can cause stand reductions by 
feeding on the crop seed before emergence or soon thereafter. If these pests are suspected to 
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be a problem or populations before planting are high, it is advised to use chemical control to 
manage these pests. 
Yield and Economic Aspects of Including Legumes in Crop Rotations 
After discussing the benefits and drawbacks of including legumes in crop rotations, it 
is important to determine if crops following legume green manures are able to yield as well 
and provide an income similar to N fertilized crops that do not follow legume plowdowns. 
Stute and Posner (1995a) found that the average yield for plots in continuous corn was 145 
bu/acre, which was 23 and 27 bu/acre less than corn following red clover and hairy vetch, 
respectively. Stute and Posner (1995b) also determined that in an oat-corn rotation, legume 
cover crops with no additional N fertilizer showed similar yields to plots with no legume 
cover crops that had 179 kg/ha ofN fertilizer applied. It was also determined in another 
experiment that yields following red clover and hairy vetch in a wheat-com rotation were 
similar to yields of plots with added N fertilizer and no legume green manures (Dou and Fox, 
1994; Dou et al., 1995). Dou and Fox (1994) also discovered no grain yield response to 
additional N fertilizer in the legume system with conventional tillage. 
Obviously, the N that is supplied by legume green manures to succeeding corn crops 
allows these crops to yield similar to corn crops with N fertilizer applied and no legume 
green manures in rotation. Hesterman (1988) and Tiffin and Hesterman (1998) also believe 
that legumes may benefit a cropping system through rotation effects. Fox and Piekielek 
(1988) also have evidence of a crop sequence effect the first year following legumes. These 
authors found that the average grain yield of corn following legume green manures was 6 
bu/acre or 4% higher than the mean yield of corn plots in a continuous corn rotation with 
either 134 or 179 lb N/acre (assuming these N rates were adequate enough not to limit corn 
18 
yield). In other long-term cropping system experiments, it has been observed that alfalfa in 
rotation with com resulted in a 10 bu/acre yield increase when compared with continuous 
com with recommended N fertilizer rates (Barr, 1986; Fox and Piekielek, 1988). Stute and 
Posner (1995a) attributed positive yield effects from the lower N accumulating legumes to 
these non-N rotation effects as well. Fox and Piekielek (1988) indicated that rotation effects 
may help increase yields of succeeding com crops in the first year following legumes, but 
they also noted the beneficial effect of legumes in the second and third years following 
legumes to be due primarily to their residual N rather than a crop sequence or rotation effect. 
In the research presented above, it is apparent that legumes have the ability to provide 
adequate amounts ofN for near maximum com yields, but it is also important to determine if 
these systems are economically feasible when compared to conventional systems. Tiffin and 
Hesterman (1998) found that the red clover system had significantly higher net returns than 
the no legume green manure system at O and 62 lb N/acre in 1993 and 0, 62, and 125 lb 
N/acre fertilizer rates in 1994. Stute and Posner (1995a) discovered that both the 
oat/companion seeded red clover-com and oat/sequentially seeded hairy vetch-com rotations 
performed economically similar to the oat/no legume-com and continuous com rotations 
grown with the recommended rate ofN. 
Effects of Manure and Compost on Cropping Systems 
The addition of manure or composted manure is obviously a good source of macro 
and micronutrients for plant growth and development. The amount of nutrients in the 
manure or in the compost is dependent upon the source of those amendments. Manure and 
compost amendments not only provide nutrients for crop growth, but also help to improve 
soil physical and chemical properties (Eghball and Power, 1994), as well as provide a source 
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of calcium carbonate to raise the pH of soils (Eghball, 1999). Eghball (1999) determined that 
beef cattle feedlot manure and compost added between 368 and 1,732 kg/ha of calcium 
carbonate over a four-year period. These values indicate that manure and compost 
amendments have potential as a liming source when applied to soils with low pH, along with 
helping to neutralize the soil acidity produced when ammonium-N is nitrified (Eghball, 
1999). 
Compost has also been found to increase the number of two types ofvesicular-
arbuscular mycorrhizal (V AM) fungi in the second and third years following application 
(Douds Jr. et al., 1997). Harinikumar and Bagyaraj (1989) found that farmyard manure 
applied at a rate of 7.5 ton/ha, increased the number ofV AM fungi propagules when 
compared to plots that received commercial fertilizer. Vesicular-arbuscular mycorrhizal 
fungi can greatly increase the plant's ability to take up phosphorus and water from the soil 
solution because the fungi provide the plant roots with more surface area. 
Composting manure has some benefits and drawbacks when compared to spreading 
raw manure. Composting of manure helps to reduce odors, stabilize nutrients, kill pathogens 
and weed seeds, and reduce the volume and weight (27-57%) of the material that needs to be 
hauled (Rynk et al., 1992; Eghball, 2000; Tiquia et al., 2002). Composting also has negative 
aspects, which include losing 20-40% of the total Nin the manure, 46-62% loss of C, as well 
as significant losses ofK and Na (>6.5%) through runoff after rainfall events (Eghball et al., 
1997; Eghball, 2000). Tiquia et al. (2002) found N losses between 37-60%, a Closs of 30-
63%, a Ploss of23-39%, a Kloss of20-52%, and a Na loss of 32-53%. Composting manure 
also requires more labor prior to application because compost piles need to be turned quite 
frequently in order to provide a fresh supply of oxygen for microorganisms. 
20 
In order to manage manure or compost nutrients both economically and 
environmentally, it is not only important to know the nutrient content of the manure, but also 
the speed at which the manure will mineralize and become available for plant growth. 
Eghball (2000) found that composted beef cattle feedlot manure mineralized about 11 % of 
the total organic Nin the first growing season following a fall application of the compost. 
He also determined that 21 % of the total organic N in the field applied manure mineralized 
during the first growing season. Eghball (2000) believed the mineralization difference 
between the field applied manure and composted manure was due to the loss of easily 
convertible N compounds during the composting process and the presence of more stable N 
compounds in the compost. Paul and Beauchamp (1994) discovered higher inorganic N 
concentrations in fresh manure when compared to composted cattle manure, which increased 
the N recovery by plants in the first growing season following manure application. 
Eghball (2000) observed no differences in mineralization rates between no-tillage and 
conventional tillage systems even though the manure and compost were surface applied in 
the no-tillage system and not incorporated. He believes this is the case because feedlot 
manure is usually left on the feedlot floor for many months before it is collected and spread; 
so much of the excreted Nin the manure is probably lost during this period. Sanchez et al. 
(2001) found that the addition of compost had little effect on net mineralization in both 
diverse and monoculture systems. 
From the data presented above, it is obvious that manure and compost amendments 
have the ability to supply large amounts of nutrients, improve soil physical, chemical and 
biological properties, and supply significant amounts of calcium carbonate to aid in liming 
low pH soils. Mineralization rates of manure and compost are quite slow, thus organic 
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amendments can help improve soil properties and nutrient supply for many years following 
the original application. 
Mineralization Rates of Legumes With Manure or Compost Amendments 
As discussed earlier, legume green manures are able to supply large amounts ofN for 
succeeding crops and mineralize in synchrony with crop demands, but little is known about 
how the addition of manure or compost will affect the rate of legume mineralization and vice 
versa. However, Sanchez et al. (2001) discovered a synergistic effect between compost and 
red clover amendments in laboratory incubations. These authors discovered that a mixture of 
compost and red clover in soil mineralized more N than the sum of their individual 
mineralization amounts after 150 days of laboratory incubation, but no data from field 
experiments is currently available. 
It will be the goal of this field research project to analyze how the addition of 
composted swine manure will affect the timing ofN mineralization from red clover and 
alfalfa green manures and to determine which legume by compost combination is able to 
provide the highest yielding environment for a succeeding com crop. Other factors that will 
be analyzed in this study include the N plowdown yields of red clover and alfalfa, the 
leachable nitrate levels after harvest, soil water availability at different stages of com growth, 
and the economic feasibility of a three-year organic rotation and a four-year organic rotation 
in comparison to a two-year conventional com-soybean rotation. 
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CHAPTER 3. MATERIALS AND METHODS 
Plot Background and Experimental Design 
The research was conducted in the years 2001 and 2002, at the Iowa State University 
Northwest Research and Demonstration Farm near Sutherland, Iowa (42.96° W, 95.50° N, 
elevation 445 m (1,461 feet)). The research plot is located on Primghar silty clay loam soil 
(fine-silty, mixed, mesic Aquic Hapludolls) and Marcus silty clay loam soil (fine-silty, 
mixed, mesic Typic Haplaquolls). The Primghar silty clay loam soil has a com suitability 
rating (CSR) of 80 and the Marcus silty clay loam soil has a CSR of 75. Initial soil samples 
were taken on 19 May 2001, to a depth of 30 cm (12 in) on all plots going into soybeans. 
Soil samples indicated a soil pH of 6.43, buffer pH of 6.69, Bray-1 P levels of 6 mg/kg (6 
ppm), K levels of 148 mg/kg (148 ppm), and an organic matter content of 57 g/kg (5.7%). 
The entire plot area was in alfalfa for three years prior to being moldboard plowed on 
13 March 2000, at which time plots were set-up and initiated. The experiment compares a 
three-year organic rotation, a four-year organic rotation, and a two-year conventional 
rotation. The three-year organic rotation consists of com-soybean-oat underseeded with a 
forage legume green manure. The four-year organic rotation consists of com-soybean-oat 
underseeded with a forage legume-forage legume hay. The two-year conventional system is 
comprised of a com-soybean rotation with synthetic chemical inputs. Each entry point of 
each rotation is represented every year. Within the organic crop rotations, two forage legume 
species (red clover and alfalfa) and two application rates of composted swine manure (0 and 
7-9 Mg of dry matter (DM)/ha (3-4 ton/acre)) are compared. Rotation by entry point 
combinations comprise the main plots and legume by compost combinations comprise the 
subplots. 
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Each treatment is replicated four times, and each main plot contains four subplots, for 
a total of 144 experimental units. Subplots are 6.1 m (20 ft) wide and 9.1 m (30 ft) long, thus 
accommodating eight, 0.76 m (30 in) rows of com or soybeans. The four replications of the 
experiment are arranged in a randomized complete block design. 
Precipitation values were measured during the growing season (1 April - 31 October) 
at the Northwest Research and Demonstration Farm for the 2001 and 2002 growing seasons. 
The 50-year average precipitation values were taken from a weather station in Primghar, 
Iowa, which is approximately 24 km (15 mi) northwest of the research farm. Growing 
season precipitation values for 2001 and 2002 were 62 cm (24.2 in) and 58 cm (22.7 in) 
respectively, which compared to the 50-year average of 60 cm (23 .6 in) of precipitation 
during the growing season (Figure 1). The 2001 growing season had greater precipitation in 
April and May, which slowed fieldwork in the early spring, while the 2002 growing season 
was drier in the spring, which allowed for timely field operations. 
Plot Field Operations 
Bean stubble in the organic rotations was disked and field cultivated on 18 April in 
both 2001 and 2002, and 'Jerry' seed oats were drilled at a rate of 108 kg/ha (3 bu/acre) in 
0.18 m (7 in) rows on 19 April in both 2001 and 2002. 'Jade II' alfalfa and Croplan Genetics 
medium red clover (variety not stated) were hand seeded at a rate of 22.5 kg/ha (20 lb/acre) 
and rolled on 20 April 2001 and 19 April 2002. The oat plots were combined for grain on 30 
July 2001 and 1 August 2002. Legume plots in the three-year rotation were handled as green 
manure crops and plowed under the following spring prior to planting com, while the legume 
plots in the four-year rotation were baled for hay the following season on 15 June and 13 July 
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2001 and on 6 June, 2 July, and 20 August 2002. The four-year legume plots are plowed the 
following spring prior to planting com. 
Composted swine manure was spread on the legume plots going into com on 2 May 
2001 and 19 April 2002. Composted manure was spread at a rate of 8.8 Mg ofDM/ha (3.9 
ton/acre) in 2001 and at a rate of 9.7 Mg ofDM/ha (4.3 ton/acre) in 2002, while no fertilizer 
P or K were applied on conventional com plots in 2001. All plots in the study did receive 0.9 
Mg/ha (1 ton/acre) ofrock phosphate on 18 April 2002. The nutrient analysis of the 
composted manure spread on the plots is shown in Table 1. 
Table 1. Nutrient analysis of composted swine manure in 2001 and 2002 (dry weight basis). 
Dry 
Total N Total C Total P Total K C:N Ratio Matter 
--------------------------- mf)g ---------------------------- % 
2001 29.6 326.0 5.9 11.2 11.0 38.6 
2002 13.7 138.8 5.7 39.1 10.2 59.1 
The total nutrients supplied by the composted manure were based on the nutrient 
analysis of the composted manure and the rate of field application. The composted manure 
in 2001 supplied 261 kg/ha (232 lb/acre) of total N, available N (based on an assumption that 
30% of the compost would mineralize the first year) of78 kg/ha (70 lb/acre), total P2Os of 
118 kg/ha (105 lb/acre), and total K20 of 119 kg/ha (106 lb/acre). The 2002 compost 
supplied 132 kg/ha (117 lb/acre) of total N, available N of 39 kg/ha (35 lb/acre), total P2Os of 
124 kg/ha (110 lb/acre), and total K2O of 454 kg/ha (404 lb/acre). 
Legume plots going into com were moldboard plowed on 17 May 2001 and on 19 
April 2002 and were disked on 18 May 2001 and double disked on 23 April 2002. All plots 
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going into com were field cultivated on 29 May 2001 and 6 May 2002, rolled on May 6, 
2002, and planted to 'NC+ 2919' com at a rate of 88,000 seed/ha (35,600 seed/acre) in 0.76 m 
(30 in) rows on 29 May 2001 and at a rate of 75,500 seed/ha (30,600 seed/acre) on 7 May 
2002. All com plots were rotary hoed twice and cultivated once in 2001 and rotary hoed 
twice and cultivated twice in 2002. All com plots were hand weeded in 2001 and 2002. No 
herbicides were sprayed in the conventional com plots, but ammonium nitrate fertilizer (34-
0-0) was side-dressed at a rate of 146 kg ofN/ha (130 lb/acre) on 28 June 2001 and on 24 
May 2002. A portion of each com plot was hand harvested on 19 October of both years and 
the remainder of each plot was machine harvested a few days later. Com stalks in all 
rotations were chopped in the fall after harvesting. 
Plots going into soybeans were disked and field cultivated on 29 May 2001, disked on 
9 May 2002 and field cultivated on 21 May 2002. 'HP204' soybeans were planted at a rate of 
440,000 seed/ha (178,000 seed/acre) in 0.76 m (30 in) rows on 30 May 2001 and at a rate of 
380,000 seed/ha (154,000 seed/acre) on 21 May 2002. Soybean plots were rotary hoed twice 
and cultivated once in 2001 and rotary hoed three times and cultivated twice in 2002. All 
soybean plots were hand weeded in 2001 and 2002. Soybeans were machine harvested on 18 
October 2001 and on 11 October 2002. Soybean plots in the organic rotations were seeded to 
oat/forage legume; conventional plots were seeded to com the following season. 
Data Collection 
Legume biomass samples from the three-year organic rotation were taken on 25 April 
and 16 May 2001 and on 17 April 2002. Material was cut at the soil surface and collected 
from a 0.37 m2 ( 4 :ft:2) area and separated into legume biomass, oat stubble, and other material 
fractions. All the fractions were dried at 54°C (130°F) for three days and weighed to 
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determine total DM yield and were tested for total C and total N using a LECO CHN-2000 
Analyzer (Bremmer, 1996; Nelson and Sommers, 1996). Fifty red clover and 50 alfalfa 
plants were also dug from the plot, dried, and weighed to determine root to shoot ratios of the 
legumes as well as total C and total N of the roots. Fiber analysis was completed on both the 
shoots and roots of alfalfa and red clover along with the composted manure to determine the 
neutral detergent fiber, acid detergent fiber, and lignin concentrations of these materials 
(Vogel et al., 1999; Anonymous, 2002a). 
In-situ nitrogen mineralization was measured in the com phase of the three-year and 
two-year rotations throughout the growing season (Westermann and Crothers, 1980). Two 
soil samples were pulled from each plot to a depth of 15 cm (6 in) and put into separate 
polyethylene bags measuring 10 x 5 x 30 cm (4 x 2 x 12 in) with 0.02 mm (0.00075 in) mesh 
size. The polyethylene bags do not restrict the diffusion of oxygen, but carbon dioxide 
diffusion rates are somewhat restricted (Westermann and Crothers, 1980). Each bag was 
sealed and inserted back into the soil from where it was taken. Another soil sample was 
pulled to the same depth within 10 cm ( 4 in) of each inserted polyethylene bag. The second 
set of soil samples was tested for nitrate-N by way of colorimetric analysis using a Lachat 
machine (Gelderman and Beegle, 1998). 
Buried polyethylene bags were retrieved from the field two or three weeks after being 
inserted and the nitrate-N concentration in the soil was tested. The difference between the 
initial nitrate-N reading and the concentration of nitrate-Nin the polyethylene bags 
determined how much nitrogen was mineralized or immobilized during that two or three 
week period. Polyethylene bags were placed on 19 May, 11 June, 25 June, 9 July, 28 July, 
18 August, and 8 September in 2001, while retrievals of polyethylene bags took place on all 
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of those dates except 19 May 2001. The final retrieval took place on 13 October 2001. In 
2002, bags were placed on 9 May, 24 May, 6 June, 20 June, 3 July, 26 July, 20 August, and 7 
September, while the final retrieval took place on 19 October 2002. No retrievals took place 
on 9 May 2002. 
Nitrogen availability during the growing season was measured in the com phase of 
the three-year and two-year rotations using the late spring nitrate test on 3 July 2001 and 27 
June 2002. Eight soil cores were pulled in each plot to a depth of 30 cm (12 in). The soil 
samples were taken from eight different areas in relation to the nearest com rows and tested 
for nitrate-N (Gelderman and Beegle, 1998). Nitrogen uptake by the com plants was 
determined in the com phase of all rotations by using the fall stalk nitrate test. Stalk samples 
(length 20 cm (8 in)) were removed starting 15 cm (6 in) above the soil surface. A total of 
ten stalks were removed from each plot at the time of hand harvesting on 19 October of both 
2001 and 2002 and tested for nitrate-N concentrations (Gelderman and Beegle, 1998). 
Available nitrate remaining in the soil after crop harvest in the three-year and two-year 
rotations was tested by pulling three soil cores from three different areas in relation to the 
nearest com rows. These samples were pulled to a depth of 30 cm (12 in) on 17 November 
2001 and 16 November 2002. Nitrate-N concentrations from these soil samples determined 
the possible leaching potential that could take place over the winter or in the early spring 
before uptake by soybean plants. 
Gravimetric soil water content was compared in the three-year and two-year rotations 
on 18 June and 21 August 2001 and on 20 August 2002. Sampling took place soon after com 
emergence (VE) in 2001 and near the milk/dough (R3/R4) stages of com development in 
both 2001 and 2002. Soil samples were pulled to a depth of 150 cm (5 ft) in 30 cm (1 ft) 
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increments. Three 150 cm samples were pulled in each plot at emergence (VE) and two 150 
cm samples were pulled in each plot at the milk/dough (R3/R4) stage. Field moist soil was 
weighed, dried at 100°C (212°F) for 48 hours, and weighed again to determine the dry weight 
of the soil. The amount of water lost through drying indicated the amount of water that was 
present in the soil at field moisture conditions (g water/g soil). 
Com grain yields in each system was determined by hand harvesting all the ears from 
a 5.3 m (17.5 ft) section in two different com rows (10.6 m or 35 ft total harvesting distance). 
Stand counts were taken at this time by counting all the plants in the two 5.3 m (17.5 ft) 
sections of rows prior to hand harvesting the ears. Harvesting was done on 19 October of 
both 2001 and 2002. Harvested ears were allowed to air dry in onion bags until they were 
hand shelled a few weeks later. Shelled grain was weighed and tested for moisture and yield 
calculations were figured with the following equation: 
Yield (bu/acre) = (100 - moisture % ) x weight of grain sample x 110.465 / (row width (in.) x 
number of rows harvested x length of row harvested). 
Oat and soybean grain yields were determined by harvesting the plots with a combine 
and weighing the grain at the end of each harvested plot. Oat straw yields were determined 
by finding the oat grain to straw ratio; 100 oat plants were cut 7.5 cm (3 in) above the soil 
surface on 28 July 2001 and 27 July 2002 and were dried at 54°C (130°F) for three days. 
Dried samples were separated into grain and straw fractions and weighed to determine the 
grain to straw ratio. 
Enterprise budgets were figured for each of the rotation by legume by compost 
combinations to determine how each of these factors affected net income per unit land area 
(ha or acre). All input costs, machinery expenses, and land charges were subtracted from the 
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total gross income. Machinery expenses were derived from Duffy and Smith (2002) and 
were based on the number and type of field operations, while the amount of labor for each 
operation was derived from Hanna (2001). All labor costs in this analysis were based on a 
$9.00/hour wage for farm labor and organic soybeans were assumed to require five additional 
hours/ha (2 hours/acre) oflabor when compared to conventional soybeans because extra time 
would be spent hand-pulling weeds in the organic soybeans. 
Soybean grain prices were based on food grade soybeans both in the conventional and 
organic systems. The conventional food grade soybeans bring nearly $2.00/bushel premium 
over regular soybeans, while the organic food grade soybeans bring between $10.00-
$17.00/bushel, with $10.00/bushel being used as the selling price in this analysis. Hay and 
straw prices for large round bales were based on the selling prices at Rock Valley, Iowa 
(Anonymous, 2002b ). Com and oats were given regular market price because it was 
assumed that they would stay on the farm as a feed source for livestock. The cost of 
spreading compost was based on an application rate of 10 ton/acre of wet material, while no 
additional labor was charged for turning the compost piles because less time is required to 
spread composted manure in comparison to raw manure because of the mass losses that take 
place during composting. The cost and labor of baling hay and straw were figured from 
values for large round bales. In this analysis, conventional com plots were only supplied 
with N fertilizer, while conventional plots had no herbicide applied because rotary hoeing, 
cultivating, and hand weeding of these plots were done to manage weeds. 
Statistical Analysis 
Statistical analysis was performed using the Mixed Models procedure of the 
Statistical Analysis System (SAS). The 2 x 2 factorial design of two legumes by two 
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compost rates in the three-year organic rotation was analyzed using orthogonal contrasts to 
determine differences in main effects and whether or not any interactions took place among 
variables. Orthogonal contrast statements were also used to determine differences between 
the three-year organic rotation and the two-year conventional cropping system. Mean 
comparisons were made by using Tukey adjusted least square means. Correlation between 
com yields and measurements taken throughout the growing season were analyzed using the 
Correlation Procedure in SAS. The significance level for all comparisons was P::;0.05. 
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Figure 1. Monthly precipitation during the growing season in 2001, 2002, and the 50-year 
average (1 in= 2.54 cm). 
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CHAPTER 4. RESULTS AND DISCUSSION 
The 2001 growing season (1 April - 31 October) began with high amounts ofrainfall 
in both April and May, delaying many of the field operations (Figure 1 ). The weather turned 
warm and dry during the month of June and the first half of July, and then high rainfall 
amounts at the end of July and into early August supplied the crops with adequate rainfall for 
the rest of the growing season. The 2002 growing season began with below normal rainfall 
and early field operations. Low rainfall amounts in May, June, and July accompanied by 
many days over 32°C (90°F) led to near drought conditions for a large portion of the growing 
season, but high rainfall levels in August supplied the crops with adequate water to attain 
respectable yields. 
Plowdown Yield and Composition 
Statistical analysis of the data for plowdown dry matter yields, plowdown N yields, 
and plowdown C:N ratio all showed a significant (P<0.0001) treatment by year interaction, 
thus requiring all the data to be compared by year. 
The 2001 growing season began with above normal rainfall in both April and May 
(Figure 1), thus delaying moldboard plowing of the legume green manures until 17 May. 
Late plowing of alfalfa and red clover allowed time for both legumes to accumulate 
appreciable amounts ofDM. Alfalfa green manures accrued 1,894 kg ofDM/ha (1,687 
lb/acre) in roots and shoots, which was significantly higher (P=0.008) than the 1,419 kg of 
DM/ha (1,264 lb/acre) accumulated by red clover during this same period. Alfalfa with 
compost had significantly more DM than red clover without compost, while all other simple 
effects were not significant. Alfalfa shoots accounted for 69% of the total dry weight, while 
red clover shoots made up 75% of the total plant dry weight at incorporation. 
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Alfalfa plants accumulated a total of 63.8 kg ofN/ha (56.8 lb/acre) in roots and 
shoots, which was significantly higher (P=0.007) than the 48.4 kg ofN/ha (43.1 lb/acre) 
found in red clover plants (Figure 2). The difference between plots with compost and plots 
without compost was nearly significant (P=0.078) because the compost was applied 15 days 
prior to incorporation, thus furnishing the growing legumes with available N as the compost 
decomposed on the soil surface prior to plowing. Alfalfa with compost had a significantly 
higher N accumulation than red clover without compost, while all other simple effects 
showed no significant differences. 
The carbon to nitrogen (C:N) ratio ofred clover and alfalfa plants were 12.2: 1 and 
12.7:1, respectively. This difference was statistically significant (P=0.025), but in reality, 
this difference is negligible because materials with a C:N ratio less than 20: 1 will decompose 
readily, releasing available N for plant growth (Brady and Weil, 1996). Carbon:nitrogen 
ratios were significantly different between plots that had compost applied and those that did 
not have compost amendments. Plots that received compost showed a C:N ratio of 12.0: 1 
and plots without compost had a 12.9:1 ratio. Again, this difference is negligible, but could 
be attributed to the extra supply of N released by the added compost and taken up by both 
alfalfa and red clover. 
Another important aspect of the plowdown material is the fiber content of each of the 
organic materials (Table 2). This information distinguishes the portion of the plant that is 
cell wall material and more complex portions such as lignin. The fiber content helps to 
determine the speed at which the organic amendments will decompose because the C:N ratio 
does not differentiate between these different portions of the plant. 
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Table 2. Fiber analysis oflegume green manures and composted swine manure in 2001. 
Neutral Acid 
Detergent Detergent Lignin C:N Cell wall:N Lignin:N 
Fiber Fiber Concentration Ratio Ratio Ratio 
---------------------- % -----------------------
Alfalfa 43.5 33.1 7.12 12.7 15.6 2.6 
Red Clover 37.0 26.5 4.61 12.2 12.7 1.6 
Compost 41.1 36.0 7.02 11.0 13.9 2.4 
Compost application and moldboard plowing were more timely during the 2002 
growing season due to average rainfall in April (Figure 1 ). Because plowing was done nearly 
a month earlier in 2002 than in 2001, the legume green manures accumulated far less DM 
than they had the previous spring. Red clover plots yielded 1,080 kg ofDM/ha (962 lb/acre), 
while the alfalfa plots accumulated a significantly lower (P<0.0001) yield of 325 kg of 
DM/ha (289 lb/acre). The difference in legume yields could be attributed to the poor alfalfa 
stand caused by the increased competition of oats during a few months of dry weather the 
previous summer (Figure 1 ). Simple effect comparisons showed that all red clover 
treatments accumulated significantly more DM than all the alfalfa treatments in 2002. Root 
to shoot ratios of the plowdown materials showed that red clover shoots accounted for 56% 
of the total dry weight, while alfalfa shoots made up 62% of the total dry matter. 
Legume N yield followed a similar pattern as the total dry matter yields. Significant 
differences (P<0.0001) in N yield between red clover and alfalfa green manure main effects 
were found in 2002, with 35.9 kg/ha (32.0 lb/acre) and 13.2 kg/ha (11.8 lb/acre), respectively 
(Figure 2). Compost application brought about a significantly higher (P=0.022) N yield in 
both legumes as compared to no compost. Plots with compost averaged 26.9 kg ofN/ha 
(24.0 lb/acre) while plots without compost accumulated 22.1 kg ofN/ha (19.7 lb/acre), which 
35 
was statistically significant, but not biologically significant. Addition of compost should 
have had no effect on the N yield of the legumes because moldboard plowing was done the 
same day as the compost was applied. Simple effect comparisons showed that all red clover 
treatments were significantly higher than all alfalfa treatments. 
As was the case in 2001, C:N ratios of the legumes were statistically different 
(P<0.0001), but the rate of decomposition of both legumes should be rapid due to values well 
below the C:N ratio of20:l. Alfalfa plants had a C:N ratio of9.6:1, while red clover had a 
10.8:1 C:N ratio. As was mentioned earlier, the fiber content of the plowdown material will 
influence the rate of decomposition (Table 3). 
Table 3. Fiber analysis oflegume green manures and composted swine manure for 2002. 
Neutral Acid 
Detergent Detergent Lignin C:N Cell Wall:N Lignin:N 
Fiber Fiber Concentration Ratio Ratio Ratio 
---------------------- % ----------------------
Alfalfa 40.5 30.0 5.78 9.6 10.5 1.5 
Red Clover 36.9 26.4 4.24 10.8 11.1 1.3 
Compost 30.3 26.4 2.13 10.2 22.1 1.6 
The values obtained for the plowdown DM yields and total N yields for each legume 
fit the author's expectations because under optimum conditions, alfalfa will tend to yield 
higher than red clover in total dry matter and overall N production (Frame et al. 1998). 
Under less than ideal conditions, the red clover green manure will tend to yield higher 
amounts of dry matter and N after one season of production because red clover is able to 
handle more competition than alfalfa in the seeding year and appears to be more consistent in 
establishing a full stand under varying environmental conditions. The C:N ratios of the 
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legumes were surprising in 2001 because alfalfa plants looked to have a much higher 
percentage of sterns, but C:N ratios between red clover and alfalfa were very similar. The 
fiber analysis of the legumes appeared to give a better account of the higher percentage of 
sterns in the alfalfa because NDF, ADF, and lignin concentrations of alfalfa were higher than 
red clover in both growing seasons. 
Nitrogen Availability 
Statistical analysis of the data for accumulated N mineralization (four W AP, six 
W AP, and at the end of the season), fall stalk nitrate, and leaching potential showed no 
treatment by year interaction, thus the data from both years were combined in the analysis. 
The late spring nitrate data was analyzed by year since a significant (P=0.008) treatment by 
year interaction was observed. The Anderson-Darling test for normality indicated that the N 
mineralization (four W AP), fall stalk nitrate, and leaching potential data were not normal. 
The fall stalk nitrate and leaching potential data were transformed by taking the logarithm of 
the data because the variances and means were not independent. Data in the N 
mineralization (four W AP) were analyzed using non-parametric F-tests because normality in 
this data set was not accomplished. Non-parametric F-tests have no normality assumptions, 
thus making this a useful analysis for this particular data set. 
The amount of N mineralization for each sampling date was calculated by 
determining the difference in nitrate content between initial nitrate-N samples and the nitrate-
N content in the buried polyethylene bags (Figures 3 and 4). Nitrogen mineralization was 
determined for each of the sampling periods during the season and these data for each 
sampling period were added to data from prior sampling dates in order to get an accumulated 
N mineralization value at different times throughout the growing season (Figures 5 and 6). 
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Since com plants require large amounts of available N when they reach the fifth or 
sixth leaf stage (Magdoff, 1991; Stute and Posner, 1995b; Dou et al., 1995), accumulated N 
mineralization values were compared four and six weeks after planting as well as after the 
entire growing season. No significant differences in N accumulation among the treatments at 
four and six weeks after planting were observed. Total N mineralization after the growing 
season showed that the organic system mineralized significantly more (P=0.02) N than did 
the conventional system, with 139.0 kg ofN/ha (124.0 lb/acre) and 71.6 kg ofN/ha (63.8 
lb/acre), respectively. This was expected because a higher amount of organic material was 
added to the organic system by way of legume green manures and composted swine manure 
in certain plots. Data from 2001, showed that red clover without compost had mineralized 
the most N at all three points of interest, while alfalfa with compost had the highest values at 
these three points in 2002. 
A large amount of variability (coefficient of variation equal to 124) was noted among 
different treatments in both years of the N mineralization data. Based on the ratio of total N 
mineralization to the quantity of plowdown N in the legumes and compost, it appears as 
though immature legume plowdowns appear to enhance the mineralization from composted 
swine manure and soil organic matter to a greater extent than mature green manures because 
of the lower C:N ratio and lower fiber content of the younger legume biomass. It was noted 
that only a small fraction of the organic Nin composted swine manure is mineralizing in the 
first season following incorporation, while large amounts ofN are being mineralized from 
soil organic matter each season. It is also clear from the data that precipitation levels have a 
large impact on the amount of mineralization taking place in soils because peaks in N 
mineralization were noted after rainfall events in both 2001 and 2002 (Figure 4). 
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Blackmer et al. (1997) recommended that farmers use the late spring nitrate test when 
com plants are between 15 and 30 cm (6-12 in) tall as a way to determine additional N 
fertilizer needs for com. For soils that had animal manures applied or a crop of alfalfa 
incorporated before com planting, Blackmer et al. (1997) recommended nitrate-N values 16 
mg/kg (16 ppm) or higher with normal rainfall or over 11 mg/kg (11 ppm) under conditions 
where May rainfall exceeds 12.7 cm (5 in) in order to economically justify not applying 
additional N fertilizer. Late spring nitrate values should be 25 mg/kg (25 ppm) or greater in a 
com-soybean rotation to make it economical to forgo additional N fertilizer. 
Late spring nitrate data in 2001 showed no differences among any main effects or 
between any simple effects (Figure 7). Late spring nitrate values in all the plots of the four 
organic treatments were above 11 mg/kg (11 ppm) in 2001, considering that rainfall in May 
exceeded 12.7 cm (5 in) (Figure 1). Conventional com readings were all below the minimum 
of 25 ppm, thus requiring additional N. Nitrate values in 2002 indicated that red clover had 
significantly more (P=0.04) nitrate-Nin soil than did alfalfa treatments, with 28.9 mg/kg 
(28.9 ppm) and 20.9 mg/kg (20.9 ppm), respectively. It was also noted that the conventional 
system had significantly more (P=0.02) nitrate than the organic system. Conventional com 
had 36.3 mg/kg (36.3 ppm) while the organic treatments averaged 24.9 mg/kg (24.9 ppm). 
Higher nitrate-N values in the conventional system were expected because the conventional 
com had been supplied with 146 kg ofN/ha (130 lb/acre) one month prior to sampling. Each 
organic treatment had values in excess of 16 mg/kg (16 ppm). According to the values found 
using the late spring nitrate test in 2001 and 2002, all organic treatments were capable of 
providing sufficient amounts ofN for a growing com crop. 
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According to the late spring nitrate test, the legume green manures with and without 
compost would not need additional N fertilizer to meet crop demands. These values affirmed 
the reports of Stute and Posner (1995b) and Dou et al. (1995) that legume green manures can 
meet the N demands of a succeeding com crop. This author expected soil nitrate values to be 
higher following alfalfa than following red clover in 2001 because of the higher N plowdown 
yield. This was not the case due to the enhanced N mineralization of red clover green 
manures in comparison to alfalfa. The higher values following red clover in comparison to 
alfalfa in 2002 were expected because of the higher N yields and the low C:N ratio along 
with the low fiber content of this plowdown material. The high organic matter content of the 
soil would also mineralize appreciable amounts ofN because nearly 2.5% of the soil organic 
matter mineralizes each year (Brady and Weil, 1996), which could skew these results in favor 
of having higher late spring nitrate values than expected. 
The fall stalk nitrate test is a useful tool in determining if proper N management was 
used throughout the growing season (Blackmer and Mallarino, 1996). These authors 
developed four different categories of nitrate concentration in com stalks as a way to 
determine if too much or too little N was supplied for com growth (Table 4). 
Data showed that red clover treatments averaged 810 mg/kg (810 ppm), which was 
significantly higher (P<0.0001) than the average of 282 mg/kg (282 ppm) for com following 
alfalfa (Figure 8). Com following compost additions also had significantly higher (P=0.02) 
nitrate-N concentrations than com following no compost additions, with 700 mg/kg (700 
ppm) and 392 mg/kg (392 ppm), respectively. Conventional com averaged 1,839 mg/kg 
(1,839 ppm) while organic plots averaged 546 mg/kg (546 ppm), which was significantly 
different (P<0.0001). Simple effects showed that all treatments were significantly higher 
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than alfalfa without compost, and that alfalfa with compost was significantly lower than 
conventionally managed corn. The percentage of values in each treatment that was 
considered low, marginal, optimal, or excessive is shown in Table 4. It should be noted that 
alfalfa without compost did not have any readings that were optimal or higher, while the 
conventional plots had no readings below optimal, but had the most values that were 
considered excessive. 
Table 4. Percent of fall stalk nitrate values in 2001 and 2002 found in each category. 
Low Marginal Optimal Excessive 
<250 mg/kg 250-700 mg/kg 700-2000 mg/kg >2000 mg/kg 
Treatment -------------------------------------- % ------------------------------------------
3AlNC 87.5 12.5 0 0 
3AlC 37.5 25 37.5 0 
3RcNC 12.5 37.5 50 0 
3RcC 12.5 37.5 37.5 12.5 
Conventional 0 0 62.5 37.5 
The fall stalk nitrate values appeared to contradict late spring nitrate concentrations 
because all organic treatments had sufficient soil nitrate levels early in the season, but the fall 
stalk nitrate test showed that not enough N was supplied by many of the organic treatments 
for maximum corn yields. This could be explained by the dry summer months during both 
growing seasons because dry conditions will inhibit the breakdown of organic residues and 
soil organic matter, thus limiting the available N for corn plants later in the season. Red 
clover green manures appeared more able to supply enough available N for corn growth than 
did alfalfa green manures in spite of the higher N plowdown yields of alfalfa in 2001. Higher 
stalk nitrate values of corn following compost amendments in comparison to plots without 
compost was expected due to the extra N supplied by the composted swine manure. From 
41 
the data presented here, it appears that 146 kg/ha (130 lb/acre) of side-dressed N fertilizer in 
the conventional system is more than adequate to meet crop needs and should be reduced due 
to environmental and economic concerns. 
Leaching potential was determined by pulling three soil cores in each plot to a depth 
of 30 cm (12 in) and determining the level of soil nitrate-N. Samples were taken on 17 
November 2001 and 16 November 2002, after which time, only nine days had average soil 
temperatures above 5°C (41 °F) in 2001, while no days after November 16 were over this 
temperature in 2002. Nitrification from ammonium to nitrate virtually ceases when soil 
temperatures fall below this level (Brady and Weil, 1996), so little additional nitrate would 
have accumulated after these sampling dates. Data showed that organic plots averaged 16.6 
kg ofN/ha (14.8 lb/acre) left over after harvest, which was significantly lower (P<0.0001) 
than the conventional plots averaging 44.2 kg ofN/ha (39.4 lb/acre) (Figure 9). 
These values confirmed observations Dou et al. (1995) had reported, but were 
contrary to King (1990) because this author believed that organic sources of N could possibly 
lead to higher leaching potentials because of the continued N mineralization after crop 
harvest. Comparisons of simple effects found that all organic treatments had significantly 
less leachable nitrate-N than did the conventional com plots, which shows that organic N 
sources, including legume green manures and composted manure, do not pose any more of a 
leaching threat following harvest than com supplied with inorganic N fertilizer. Planting a 
cover crop, such a winter rye, which would use portions of the soil nitrate for growth prior to 
winter and decrease the nitrate levels in the soil, could reduce the nitrate leaching potential 
further. Based on leaching potential values and the high number of excessive fall stalk 
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nitrate values, the rate ofN fertilizer in the conventional com plots was higher than crop 
needs. 
Soil Moisture and Corn Yields 
Statistical analysis of soil moisture was performed for each individual sampling date. 
Soil water in the upper 150 cm (5 ft) of the soil profile at emergence (VE) was significantly 
higher (P=0.03) in the alfalfa plots compared to the red clover plots (Figure 10). Plots 
following alfalfa averaged 0.301 g water/g soil while red clover plots averaged 0.287 g 
water/g soil. Plots without compost averaged 0.302 g water/g soil, which was significantly 
higher (P=0.01) than plots with compost averaging 0.286 g water/g soil. Simple effect 
comparisons showed that alfalfa without compost was significantly higher than red clover 
with compost, while all other simple effects were not significant. 
Samples collected at milk stage (R3) of com during 2001 showed no significant 
differences between any main effects or between any simple effects. Alfalfa without 
compost had the most soil moisture, while red clover with compost contained the lowest 
amount of water at this time. Red clover with compost appeared to contain appreciably less 
soil moisture than all other treatments deeper in the soil profile (60-150 cm (3-5 ft). Tiffin 
and Hesterman (1998) also reported that plots following red clover had less water at deeper 
soil depths than plots not following a living green manure. This does not explain why the red 
clover treatment with compost had the lowest amount of soil moisture in this experiment, 
since the plots following alfalfa had a higher soil water content. Correlations between 
plowdown legume yield and soil moisture content showed that the yield of the legumes was 
not highly correlated with the soil water content. This finding was not expected because 
legumes with a higher biomass yield should require more soil moisture for growth and 
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development prior to plowing, but this hypothesis was not supported in this particular 
experiment. Perhaps, red clover requires more water to initiate and maintain growth than 
alfalfa in the early season, but this author has no conclusive evidence for this claim. 
Soil moisture contents at dough stage (R4) of corn during 2002 also showed no 
significant differences between any treatments. It should be noted that the treatment with the 
highest water content was the conventional corn followed by alfalfa without compost. The 
treatment with the lowest water content was red clover with compost. The amount of water 
at different depths was also significant at all sampling dates. The upper 30 cm (1 ft) of soil 
had the highest water content followed by each 30 cm (1 ft) increment down to 150 cm (5 ft). 
Analysis of soil water concentrations at both sampling dates in 2001 was surprising 
because both alfalfa and red clover green manures were allowed to grow an extensive amount 
of time before being plowed and one would expect these growing legumes to use substantial 
amounts of soil water (Tiffin and Hesterman, 1998). This author was expecting the 
conventional corn plots to have significantly more soil water in both 2001 and 2002, but plots 
with overwintering legume green manures may catch more snow and thus balance out the 
extra water that is used in the early season. Based on the data, it also appears that red clover 
may use more soil water in the early season than alfalfa green manures. This may be 
explained by the higher stand ofred clover, in comparison to alfalfa, in 2002 using more of 
the available water. Compost decreased soil moisture in 2001 probably because it enhanced 
growth of the legumes for the 15 days before it was incorporated, and this extra legume 
growth before incorporation would have used additional soil moisture. 
Stand counts were taken at the time of corn harvesting in both 2001 and 2002. 
Treatment by year interaction was nearly significant (P=0.051) so analysis was done by year. 
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Conventional com plots had a significantly higher (P<0.0001) plant population than did the 
organic com plots in 2001. Conventional plots averaged 84,057 plant/ha (34,031 plant/acre) 
while the organic com plots averaged 65,302 plant/ha (26,438 plant/acre), which were 96% 
and 74% of the planted population, respectively. Simple effect comparisons showed that all 
conventional plots had significantly higher plant populations than all the organic treatments. 
Differences between organic and conventional plots were due to the spring moldboard 
plowing which created a soft seedbed that resulted in the planter placing seeds nearly 13 cm 
(5 in) deep in a few areas of the organic plots. Plots with compost were nearly significantly 
higher (P=0.066) than plots without compost in 2001. 
Stand count data in 2002 showed that plots with compost had a higher population 
than plots without compost. Plots with compost averaged 55,575 plant/ha (22,500 plant/acre) 
while plots without compost averaged 49,864 plant/ha (20,188 plant/acre). No significant 
differences were noted among any simple effects. Increased plant population in the plots 
with compost appears to be a result of natural variation among plots, because hand applying 
compost before moldboard plowing should have no effect on the firmness of the seedbed. 
The data also shows that rolling the organic com plots following spring plowing and prior to 
planting, may have helped create a firmer seedbed because no differences were detected 
between the organic and conventional systems in the 2002 growing season. 
Com yield data for 2001 and 2002 showed a treatment by year interaction value of 
P=0.087, thus data were analyzed by year because this interaction was nearly significant. 
The 2001 data demonstrated that com following red clover averaged 10.21 Mg/ha (162.7 
bu/acre), which was significantly higher (P=0.04) than alfalfa plots that averaged 9.00 Mg/ha 
(143.5 bu/acre) (Figure 11). Compost additions also significantly raised (P=0.008) com 
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yields from 8.78 Mg/ha (139.9 bu/acre) to 10.43 Mg/ha (166.3 bu/acre). Simple effect 
comparisons showed that red clover with compost yielded significantly higher than alfalfa 
and red clover plots without compost and nearly significantly higher than alfalfa with 
compost amendments. 
Data from 2002 again showed that composted plots had significantly higher 
(P=0.001) yields than plots without compost, with 10.11 Mg/ha (161.1 bu/acre) and 8.93 
Mg/ha (142.3 bu/acre), respectively. The organic plots averaged 9.52 Mg/ha (151.7 bu/acre), 
which was significantly higher (P=0.01) than conventional plots that averaged 8.58 Mg/ha 
(136. 7 bu/acre). Simple effect comparisons showed that red clover plots with compost were 
significantly higher than alfalfa and red clover without compost and greater than 
conventional com yields. Alfalfa with compost was nearly significantly higher than the 
conventional com plots. 
Compost additions increased yields in both growing seasons, which was expected 
because of the additional supply of nutrients made available for com growth. Com following 
red clover proved to yield well in both growing seasons, and the addition of compost to red 
clover green manures was shown to be the highest yielding combination in both years. The 
higher yields following red clover may be attributed to the higher fall stalk nitrate values, 
which showed that red clover plots made more N available for com growth throughout the 
season. The com yields also show that organic production has comparable yields to 
conventionally grown com, because no differences were found between the two systems in 
2001 and the organic system yielded higher in 2002. Based on the Covariance Procedure in 
SAS, the organic plots would have yielded higher in relation to the conventional plots in 
2001 if similar stand densities were present in both systems. Weed pressure had no effect on 
46 
com yields because all com plots were hand weeded in both 2001 and 2002, which would 
tend to favor the organic rotation over the conventional two-year rotation. 
The correlation between yield and the following factors were measured: plowdown N, 
N mineralization at four and six W AP, total N mineralization, late spring nitrate test, fall 
stalk nitrate test, and stand counts (Table 5). Correlation data showed that stand counts were 
the most correlated with com yield (P=0.0008), while fall stalk nitrate values were highly 
correlated as well (P=0.008). Stand counts and fall stalk nitrate test values were both 
positively correlated with yield, having values of 0.57 and 0.47, respectively. 
Table 5. Correlation values of sampling procedure to com yield in both 2001 and 2002. 
End of Late 
Plowdown NFour N Six season spring Fall Stand 
N yield WAP WAP N N stalk N count 
------------------------------------------ p value------------------------------------------
Correlation 0.0825 0.1592 0.1578 0.1520 0.1196 0.4704 0.5690 
Probability 0.6592 0.3922 0.3965 0.4145 0.5217 0.0076 0.0008 
Other Crop Yields 
Statistical analysis of hay yields in the four-year organic rotation was performed by 
year because of a significant (P<0.0001) treatment by year interaction. The data for 2001 
had a significant (P=0.03) interaction between legume and compost application (Figure 12). 
The hay yield data showed that alfalfa yields improved dramatically with the addition of 
compost, while red clover yields remained constant with compost amendments. No yield 
increases should have been found because compost had not been applied to any of these 
individual plots because one complete rotation cycle had not been completed at this time. 
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The lower yields of alfalfa without compost was the result of two plots being located in 
wetter areas of the field where alfalfa does not grow as well. 
Data from 2002 clearly showed significant (P<0.0001) differences between red clover 
that yielded 9.3 Mg ofDM/ha (4.2 ton/acre) and alfalfa that yielded 5.0 Mg ofDM/ha (2.2 
ton/acre). Simple effects showed all red clover treatments significantly higher in yield than 
all alfalfa treatments. This was due to the poor stand of alfalfa that was the result of the dry 
summer during the seeding year. Alfalfa has the ability to yield higher under good growing 
conditions, but red clover appears to be more consistent between different growing seasons 
and varying environmental conditions. 
Soybean yield data was analyzed by year because soybeans grown in 2001 had no 
residual effects of compost, while the 2002 soybeans may have been affected by the compost 
application in the 2001 growing season. The 2001 soybean yields showed no significant 
differences among any main effects or among any simple effects (Figure 13). The 2002 
yields showed that compost applied prior to com had a significant (P=0.03) impact on 
soybean yields. Plots with compost yielded 2.71 Mg/ha (40.2 bu/acre) while plots without 
compost averaged 2.48 Mg/ha (36.8 bu/acre). Simple effect comparisons showed that red 
clover treatments with compost yielded significantly higher than alfalfa without compost, 
with no other simple effects being significant. Based on the data presented, it appears as 
though a nutrient carryover effect from the compost applied prior to com may have increased 
yields of the succeeding soybean crop. 
Oat yields were collected and recorded in 2001 for each individual plot, but yield data 
was not collected in 2002, thus requiring data to be used from other areas on the farm to 
obtain an oat yield for 2002. Yields taken from the plot area in 2001 averaged 3.84 Mg/ha 
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(107.1 bu/acre), while Skrdla and Jannink (2002) reported an average yield for 'Jerry' oats at 
the Northwest Research Farm to be 3.34 Mg/ha (93.0 bu/acre) for the 2002 growing season. 
The 2001 oat grain to straw ratio showed that the straw made up 43.7% of the total dry 
matter while 2002 oat straw made up 41.1 % of the total weight. Straw yields for 2001 
averaged 2.91 Mg ofDM/ha (1.3 ton/acre) while 2002 straw yields were 2.33 Mg ofDM/ha 
(1.0 ton/acre). 
Economic Analysis 
Economic analysis in 2001 showed that the four-year rotation with alfalfa and 
compost had the highest net return of $289.66/ha ($117.27/acre) while the four-year rotation 
including alfalfa without compost had the lowest return of $174.83/ha ($70.78/acre) (Tables 
6 and 7). The addition of composted swine manure increased the profitability in each of the 
rotation by legume combinations, except in the three-year alfalfa green manure rotation. The 
conventional com-soybean rotation had a return of $282.07/ha ($114.20/acre) in 2001, which 
was lower than the returns of the three-year red clover with compost rotation and the four-
year alfalfa with compost rotation. 
Table 6. Net returns/ha (excluding government payments) for each rotation in 2001 and 
2002. 
Three-year Rotation Four-year Rotation Conv. 
AINC AIC RcNC ReC AINC AIC ReNC ReC Rotation 
----------------------------------------------$/ha--------------------------------------------------
2001 185.37 183.77 235.74 287.68 174.83 289.66 216.25 242.11 282.07 
2002 126.19 174.53 192.83 249.07 101.86 142.49 215.36 248.63 167.22 
Ave. 155.78 179.15 214.29 268.38 138.35 216.08 215.81 245.37 224.65 
49 
Net returns in 2002 found that the three-year rotation with red clover and compost 
had the highest return of $249 .07 /ha ($100. 84/acre) and the four-year rotation including 
alfalfa without compost had the lowest return of $101.86/ha ($41.24/acre). The addition of 
compost brought about increased profits in all of the rotation by legume combinations. The 
conventional system showed a net profit of $167.22/ha ($67.70/acre), which was higher than 
the three-year alfalfa without compost rotation and the four-year alfalfa with and without 
compost rotations. Average net returns over both years showed that red clover with compost 
had the highest profits in both the three-year and four-year organic rotations, while red clover 
and compost in the three-year system brought the highest returns overall (Tables 6 and 7). 
Data from this research shows that farmers growing conventional com and soybeans could 
benefit economically by switching to organic production methods that include red clover and 
compost amendments, but careful thought must be given to market accessibility and pest 
management strategies. 
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Table 7. Enterprise budgets for the three-year organic, four-year organic, and two-year 
conventional rotations in 2001 and 2002. (+)=compost; (-)=no compost 
Alfalfa - Three-Year Or< anic Rotation in 2001 
Corn(+) Soybean(+) Oat/Leg(+) Corn(-) Soybean(-) Oat/Leg(-) 
Income 
Grain vield (bu/acre) 150.34 38.71 102.37 136.70 39.40 108.17 
Price ($/bu) $2.24 $10.00 $1.60 $2.24 $10.00 $1.60 
Straw yield (tons/acre) 0.00 0.00 1.27 0.00 0.00 1.34 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $70.00 
Hav vield /tons/acre\ 0.00 0.00 0.00 0.00 0.00 0.00 
Price ($/ton l $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Total Income ($/acre) $336.77 $387.05 $252.69 $306.21 $393.98 $266.88 
Variable Expenses 
Choo stalks $0.00 $6.60 $0.00 $0.00 $6.60 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $11.16 $0.00 $0.00 
Disk $3.57 $3.57 $3.57 $3.57 $3.57 $3.57 
Field cultivate $3.32 $3.32 $3.32 $3.32 $3.32 $3.32 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $8.45 
Roll $0.00 $0.00 $1.40 $0.00 $0.00 $1.40 
Plant $6.11 $6.11 $0.00 $6.11 $6.11 $0.00 
Seed $42.79 $27.60 $84.50 $42.79 $27.60 $84.50 
Rotarv hoe $2.66 $2.66 $0.00 $2.66 $2.66 $0.00 
Cultivate $2.77 $2.77 $0.00 $2.77 $2.77 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Rake $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Cut/Swath $0.00 $0.00 $5.92 $0.00 $0.00 $5.92 
Bale (all cuttinas) $0.00 $0.00 $19.05 $0.00 $0.00 $20.10 
Combine $20.83 $17.08 $18.72 $20.83 $17.08 $18.72 
Labor $10.62 $24.81 $9.03 $9.05 $24.81 $9.15 
Total Var. Exoenses $114.81 $94.52 $153.96 $102.26 $94.52 $155.13 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Expenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $336.77 $387.05 $252.69 $306.21 $393.98 $266.88 
Total Exoenses $244.81 $224.52 $283.96 $232.26 $224.52 $285.13 
Net Income/A $91.96 $162.53 -$31.27 $73.95 $169.45 -$18.25 
Rotation Income/A $74.40 $75.05 
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Table 7. (continued) 
Red Clover - Three-Year OrQanic Rotation in 2001 
Corn(+) Soybean(+) Oat/Leg(+) Corn(-) Soybean (-1 Oat/Lea (-l 
Income 
Grain vield (bu/acre) 182.30 39.32 106.00 143.02 39.24 111.89 
Price ($/bu) $2.24 $10.00 $1.60 $2.24 $10.00 $1.60 
Straw vield (tons/acre) 0.00 0.00 1.32 0.00 0.00 1.39 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $70.00 
Hav yield (tons/acre) 0.00 0.00 0.00 0.00 0.00 0.00 
Price ($/ton) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
rrotal Income ($/acre) $408.36 $393.18 $261.99 $320.36 $392.39 $276.33 
Variable Exoenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $6.60 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $11.16 $0.00 $0.00 
Disk $3.57 $3.57 $3.57 $3.57 $3.57 $3.57 
Field cultivate $3.32 $3.32 $3.32 $3.32 $3.32 $3.32 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $8.45 
Roll $0.00 $0.00 $1.40 $0.00 $0.00 $1.40 
Plant $6.11 $6.11 $0.00 $6.11 $6.11 $0.00 
Seed $42.79 $27.60 $44.50 $42.79 $27.60 $44.50 
Rotarv hoe $2.66 $2.66 $0.00 $2.66 $2.66 $0.00 
Cultivate $2.77 $2.77 $0.00 $2.77 $2.77 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Rake $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Cut/Swath $0.00 $0.00 $5.92 $0.00 $0.00 $5.92 
Bale (all cuttinQs) $0.00 $0.00 $19.80 $0.00 $0.00 $20.85 
Combine $20.83 $17.08 $18.72 $20.83 $17.08 $18.72 
Labor $10.62 $24.81 $9.12 $9.05 $24.81 $9.24 
Total Var. Expenses $114.81 $94.52 $114.80 $102.26 $94.52 $115.97 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Expenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $408.36 $393.18 $261.99 $320.36 $392.39 $276.33 
Total Expenses $244.81 $224.52 $244.80 $232.26 $224.52 $245.97 
Net Income/A $163.55 $168.66 $17.20 $88.11 $167.86 $30.36 
Rotation Income/A $116.47 $95.44 
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Table 7. (continued) 
Alfalfa - Four-Year Oroanic Rotation in 2001 
Corn(+) Soybean(+) Oat/Leg(+) Legume(+) Corn(-) Soybean(-) Oat Leg(-) Leaume (-l 
Income 
Grain vield (bu/acre} 180.04 40.92 109.72 0.00 125.97 39.88 107.36 0.00 
Price ($/bu) $2.24 $10.00 $1.60 $0.00 $2.24 $10.00 $1.60 $0.00 
Straw yield (tons/acre) 0.00 0.00 1.36 0.00 0.00 0.00 1.33 0.00 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $0.00 $70.00 $0.00 
Hay yield (tons/acre) 0.00 0.00 0.00 3.96 0.00 0.00 0.00 3.14 
Price ($/ton) $0.00 $0.00 $0.00 $85.00 $0.00 $0.00 $0.00 $85.00 
Total Income ($/acre) $403.28 $409.15 $270.75 $336.60 $282.18 $398.82 $264.87 $266.90 
Variable Expenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $0.00 $6.60 $0.00 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $0.00 $11.16 $0.00 $0.00 $0.00 
Disk $3.57 $3.57 $3.57 $0.00 $3.57 $3.57 $3.57 $0.00 
Field cultivate · $3.32 $3.32 $3.32 $0.00 $3.32 $3.32 $3.32 $0.00 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $0.00 $8.45 $0.00 
Roll $0.00 $0.00 $1.40 $0.00 $0.00 $0.00 $1.40 $0.00 
Plant $6.11 $6.11 $0.00 $0.00 $6.11 $6.11 $0.00 $0.00 
Seed $42.79 $27.60 $10.50 $74.00 $42.79 $27.60 $10.50 $74.00 
Rotary hoe $2.66 $2.66 $0.00 $0.00 $2.66 $2.66 $0,00 $0.00 
Cultivate $2.77 $2.77 $0.00 $0.00 $2.77 $2.77 $0.00 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $13.16 $0.00 $0.00 $0.00 $13.16 
Rake $0.00 $0.00 $0.00 $7.74 $0.00 $0.00 $0.00 $7.74 
Cut/Swath $0.00 $0.00 $5.92 $0.00 $0.00 $0.00 $5.92 $0.00 
Bale ( all cuttinos) $0.00 $0.00 $20.40 $32.63 $0.00 $0.00 $19.95 $25.87 
Combine $20.83 $17.08 $18.72 $0.00 $20.83 $17.08 $18.72 $0.00 
Labor $10.62 $24.81 $9.19 $12.38 $9.05 $24.81 $9.13 $11.15 
Total Var. Expenses $114.81 $94.52 $81.47 $139.91 $102.26 $94.52 $80.96 $131.92 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Expenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $403.28 $409.15 $270.75 $336.60 $282.18 $398.82 $264.87 $266.90 
Total Expenses $244.81 $224.52 $211.47 $269.91 $232.26 $224.52 $210.96 $261.92 
Net Income/A $158.46 $184.63 $59.28 $66.69 $49.92 $174.30 $53.91 $4.98 
Rotation Income/A $117.27 $70.78 
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Table 7. (continued) 
Red Clover - Four-Year Orqanic Rotation in 2001 
Corn(+) Soybean(+) Oat/Leg(+) Legume(+) Corn(-) Soybean(·) Oat Leg(-) Legume(·) 
Income 
Grain yield (bu/acre) 142.80 39.79 105.91 0.00 122.79 38.08 107.69 0.00 
Price ($/bu) $2.24 $10.00 $1.60 $0.00 $2.24 $10.00 $1.60 $0.00 
Straw vield /tons/acre} 0.00 0.00 1.31 0.00 0.00 0.00 1.34 0.00 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $0.00 $70.00 $0.00 
Hay yield (tons/acre) 0.00 0.00 0.00 3.78 0.00 0.00 0.00 3.82 
Price ($/ton) $0.00 $0.00 $0.00 $85.00 $0.00 $0.00 $0.00 $85.00 
Total Income ($/acre) $319.87 $397.89 $261.15 $321.30 $275.04 $380.80 $266.10 $324.70 
Variable Expenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $0.00 $6.60 $0.00 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $0.00 $11.16 $0.00 $0.00 $0.00 
Disk $3.57 $3.57 $3.57 $0.00 $3.57 $3.57 $3.57 $0.00 
Field cultivate $3.32 $3.32 $3.32 $0.00 $3.32 $3.32 $3.32 $0.00 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $0.00 $8.45 $0.00 
Roll $0.00 $0.00 $1.40 $0.00 $0.00 $0.00 $1.40 $0.00 
Plant $6.11 $6.11 $0.00 $0.00 $6.11 $6.11 $0.00 $0.00 
Seed $42.79 $27.60 $10.50 $34.00 $42.79 $27.60 $10.50 $34.00 
Rotary hoe $2.66 $2.66 $0.00 $0.00 $2.66 $2.66 $0.00 $0.00 
Cultivate $2.77 $2.77 $0.00 $0.00 $2.77 $2.77 $0.00 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $13.16 $0.00 $0.00 $0.00 $13.16 
Rake $0.00 $0.00 $0.00 $7.74 $0.00 $0.00 $0.00 $7.74 
Cut/Swath $0.00 $0.00 $5.92 $0.00 $0.00 $0.00 $5.92 $0.00 
Bale ( all cuttings) $0.00 $0.00 $19.65 $31.15 $0.00 $0.00 $20.10 $31.48 
Combine $20.83 $17.08 $18.72 $0.00 $20.83 $17.08 $18.72 $0.00 
Labor $10.62 $24.81 $9.10 $12.11 $9.05 $24.81 $9.15 $12.17 
Total Var. Expenses $114.81 $94.52 $80.63 $98.16 $102.26 $94.52 $81.13 $98.54 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $319.87 $397.89 $261.15 $321.30 $275.04 $380.80 $266.10 $324.70 
Total Expenses $244.81 $224.52 $210.63 $228.16 $232.26 $224.52 $211.13 $228.54 
Net Income/A $75.05 $173.36 $50.52 $93.14 $42.79 $156.28 $54.97 $96.16 
Rotation Income/A $98.02 $87.55 
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Table 7. (continued) 
Conventional in 2001 
Corn Soybean 
Income 
Grain yield (bu/acre) 167.03 40.85 
Price ($/bu) $2.24 $7.19 
Straw vield (tons/acre) 0.00 0.00 
Price ($/ton) $0.00 $0.00 
Hay yield (tons/acre) 0.00 0.00 
Price ($/ton) $0.00 $0.00 
Total Income ($/acre) $374.15 $293.69 
Variable Expenses 
Choo stalks $0.00 $6.60 
Soread compost $0.00 $0.00 
Fertilizer $28.66 $0.00 
Moldboard plow $0.00 $0.00 
Disk $0.00 $3.57 
Field cultivate $3.32 $3.32 
Drill $0.00 $0.00 
Roll $0.00 $0.00 
Plant $6.11 $6.11 
Seed $38.86 $20.40 
Rotary hoe $2.66 $2.66 
Cultivate $2.77 $2.77 
Herbicides $0.00 $0.00 
Mow-conditioner $0.00 $0.00 
Rake $0.00 $0.00 
Cut/Swath $0.00 $0.00 
Bale (all cuttinqs) $0.00 $0.00 
Combine $20.83 $17.08 
Labor $6.90 $6.81 
Total Var. Exoenses $110.11 $69.32 
Fixed Expenses 
Land $130.00 $130.00 
Total Fixed Expenses $130.00 $130.00 
Total Income $374.15 $293.69 
Total Expenses $240.11 $199.32 
Net Income/A $134.04 $94.37 
Rotation Income/A $114.20 
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Table 7. (continued) 
Alfalfa - Three-Year Or, anic Rotation in 2002 
Corn l+I Sovbean l+I Oat/Lea I+\ Corn 1-\ Sovbean 1-1 Oat Lea 1-\ 
Income 
Grain vie Id (bu/acre) 155.02 39.06 93.00 140.71 35.14 93.00 
Price ($/bu) $2.24 $10.00 $1.60 $2.24 $10.00 $1.60 
Straw vield (tons/acre) 0.00 0.00 1.04 0.00 0.00 1.04 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $70.00 
Hav ,ield /tons/acre\ 0.00 0.00 0.00 0.00 0.00 0.00 
Price ($/ton\ $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Total Income ($/acre) $347.25 $390.59 $221.60 $315.19 $351.38 $221.60 
Variable Exoenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $6.60 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $11.16 $0.00 $0.00 
Disk $7.14 $3.57 $3.57 $7.14 $3.57 $3.57 
Field cultivate $3.32 $3.32 $3.32 $3.32 $3.32 $3.32 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $8.45 
Roll $1.40 $0.00 $1.40 $1.40 $0.00 $1.40 
Plant $6.11 $6.11 $0.00 $6.11 $6.11 $0.00 
Seed $36.78 $23.88 $84.50 $36.78 $23.88 $84.50 
Rotary hoe $2.66 $3.99 $0.00 $2.66 $3.99 $0.00 
Cultivate $5.54 $5.54 $0.00 $5.54 $5.54 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Rake $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Cut/Swath $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Bale /all cuttinasl $0.00 $0.00 $15.60 $0.00 $0.00 $15.60 
Combine $20.83 $17.08 $18.72 $20.83 $17.08 $18.72 
Labor $12.89 $25.94 $7.06 $11.32 $25.94 $7.06 
Total Var. Expenses $118.81 $96.03 $142.62 $106.26 $96.03 $142.62 
Fixed Exoenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $347.25 $390.59 $221.60 $315.19 $351.38 $221.60 
Total Exoenses $248.81 $226.03 $272.62 $236.26 $226.03 $272.62 
Net Income/A $98.44 $164.56 -$51.02 $78.93 $125.36 -$51.02 
Rotation Income/A $70.66 $51.09 
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Table 7. (continued) 
Red Clover - Three-Year Oroanic Rotation in 2002 
Corn(+) Soybean(+) Oat/Leg(+) Corn(-) Soybean(-) Oat/Leg(-) 
Income 
Grain yield (bu/acre) 167.22 41.38 93.00 143.86 38.53 93.00 
Price ($/bu) $2.24 $10.00 $1.60 $2.24 $10.00 $1.60 
Straw yield (tons/acre) 0.00 0.00 1.04 0.00 0.00 1.04 
Price ($/ton l $0.00 $0.00 $70.00 $0.00 $0.00 $70.00 
Hav yield (tons/acre) 0.00 0.00 0.00 0.00 0.00 0.00 
Price ($/ton) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Total Income ($/acre) $374.57 $413.82 $221.60 $322.25 $385.26 $221.60 
Variable Exoenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $6.60 $0.00 
Spread comoost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $11.16 $0.00 $0.00 
Disk $7.14 $3.57 $3.57 $7.14 $3.57 $3.57 
Field cultivate $3.32 $3.32 $3.32 $3.32 $3.32 $3.32 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $8.45 
Roll $1.40 $0.00 $1.40 $1.40 $0.00 $1.40 
Plant $6.11 $6.11 $0.00 $6.11 $6.11 $0.00 
Seed $36.78 $23.88 $44.50 $36.78 $23.88 $44.50 
Rotary hoe $2.66 $3.99 $0.00 $2.66 $3.99 $0.00 
Cultivate $5.54 $5.54 $0.00 $5.54 $5.54 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Rake $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Cut/Swath $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Bale ( all cuttinos l $0.00 $0.00 $15.60 $0.00 $0.00 $15.60 
Combine $20.83 $17.08 $18.72 $20.83 $17.08 $18.72 
Labor $12.89 $25.94 $7.06 $11.32 $25.94 $7.06 
Total Var. Exoenses $118.81 $96.03 $102.62 $106.26 $96.03 $102.62 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $374.57 $413.82 $221.60 $322.25 $385.26 $221.60 
Total Exoenses $248.81 $226.03 $232.62 $236.26 $226.03 $232.62 
Net Income/A $125.76 $187.79 -$11.02 $85.99 $159.24 -$11.02 
Rotation Income/A $100.84 $78.07 
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Table 7. (continued) 
Alfalfa - Four-Year Orqanic Rotation in 2002 
Corn(+) Soybean(+) Oat/Leg(+) Legume(+) Corn(-) Soybean(-) Oat Leg(-) Legume(-) 
Income 
Grain yield (bu/acre) 160.93 41.04 93.00 0.00 129.85 38.24 93.00 0 00 
Price ($/bu l $2.24 $10.00 $1.60 $0.00 $2.24 $10.00 $1.60 $0.00 
Straw yield (tons/acre) 0.00 0.00 1.04 0.00 0.00 0.00 1.04 0.00 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $0.00 $70.00 $0.00 
Hav vield (tons/acre) 0.00 0.00 0.00 2.08 0.00 0.00 0.00 2.34 
Price ($/ton l $0.00 $0.00 $0.00 $85.00 $0.00 $0.00 $0.00 $85.00 
Total Income ($/acre) $360.48 $410.43 $221.60 $176.98 $290.87 $382.36 $221.60 $198.82 
Variable Expenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $0.00 $6.60 $0.00 $0.00 
Soread comoost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard plow $11.16 $0.00 $0.00 $0.00 $11.16 $0.00 $0.00 $0.00 
Disk $7.14 $3.57 $3.57 $0.00 $7.14 $3.57 $3.57 $0.00 
Field cultivate $3.32 $3.32 $3.32 $0.00 $3.32 $3.32 $3.32 $0.00 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $0.00 $8.45 $0.00 
Roll $1.40 $0.00 $1.40 $0.00 $1.40 $0.00 $1.40 $0.00 
Plant $6.11 $6.11 $0.00 $0.00 $6.11 $6.11 $0.00 $0.00 
Seed $36.78 $23.88 $10.50 $74.00 $36.78 $23.88 $10.50 $74.00 
Rotarv hoe $2.66 $3.99 $0.00 $0.00 $2.66 $3.99 $0.00 $0.00 
Cultivate $5.54 $5.54 $0.00 $0.00 $5.54 $5.54 $0.00 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $19.74 $0.00 $0.00 $0.00 $19.74 
Rake $0.00 $0.00 $0.00 $11.61 $0.00 $0.00 $0.00 $11.61 
Cut/Swath $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Bale (all cuttings) $0.00 $0.00 $15.60 $17.16 $0.00 $0.00 $15.60 $19.27 
Combine $20.83 $17.08 $18.72 $0.00 $20.83 $17.08 $18.72 $0.00 
Labor $12.89 $25.94 $7.06 $12.78 $11.32 $25.94 $7.06 $13.16 
Total Var. Exoenses $118.81 $96.03 $68.62 $135.29 $106.26 $96.03 $68.62 $137.79 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $360.48 $410.43 $221.60 $176.98 $290.87 $382.36 $221.60 $198.82 
Total Exoenses $248.81 $226.03 $198.62 $265.29 $236.26 $226.03 $198.62 $267.79 
Net Income/A $111.67 $184.40 $22.98 -$88.31 $54.62 $156.33 $22.98 -$68.97 
Rotation Income/A $57.69 $41.24 
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Table 7. (continued) 
Red Clover - Four-Year Oraanic Rotation in 2002 
Corn(+) Soybean(+) Oat/Leg(+) Legume(+) Corn(·) Soybean(-) Oat Leg(·) Legume(·) 
Income 
Grain vield (bu/acre) 145.72 40.95 93.00 0.00 137.68 38.04 93.00 0.00 
Price ($/bu) $2.24 $10.00 $1.60 $0.00 $2.24 $10.00 $1.60 $0.00 
Straw vield (tons/acre) 0.00 0.00 1.04 0.00 0.00 0.00 1.04 0.00 
Price ($/ton) $0.00 $0.00 $70.00 $0.00 $0.00 $0.00 $70.00 $0.00 
Hay yield (tons/acre) 0.00 0.00 0.00 4.30 0.00 0.00 0.00 4.04 
Price ($/ton) $0.00 $0.00 $0.00 $85.00 $0.00 $0.00 $0.00 $85.00 
Total Income ($/acre) $326.41 $409.46 $221.60 $365.54 $308.40 $380.42 $221.60 $343.60 
Variable Expenses 
Chop stalks $0.00 $6.60 $0.00 $0.00 $0.00 $6.60 $0.00 $0.00 
Spread compost $10.98 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Fertilizer $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Moldboard olow $11.16 $0.00 $0.00 $0.00 $11.16 $0.00 $0.00 $0.00 
Disk $7.14 $3.57 $3.57 $0.00 $7.14 $3.57 $3.57 $0.00 
Field cultivate $3.32 $3.32 $3.32 $0.00 $3.32 $3.32 $3.32 $0.00 
Drill $0.00 $0.00 $8.45 $0.00 $0.00 $0.00 $8.45 $0.00 
Roll $1.40 $0.00 $1.40 $0.00 $1.40 $0.00 $1.40 $0.00 
Plant $6.11 $6.11 $0.00 $0.00 $6.11 $6.11 $0.00 $0.00 
Seed $36.78 $23.88 $10.50 $34.00 $36.78 $23.88 $10.50 $34.00 
Rotary hoe $2.66 $3.99 $0.00 $0.00 $2.66 $3.99 $0.00 $0.00 
Cultivate $5.54 $5.54 $0.00 $0.00 $5.54 $5.54 $0.00 $0.00 
Herbicides $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Mow-conditioner $0.00 $0.00 $0.00 $19.74 $0.00 $0.00 $0.00 $19.74 
Rake $0.00 $0.00 $0.00 $11,61 $0.00 $0.00 $0.00 $11.61 
Cut/Swath $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Bale ( all cuttinas l $0.00 $0.00 $15.60 $35.44 $0.00 $0.00 $15.60 $33.31 
Combine $20.83 $17.08 $18.72 $0.00 $20.83 $17.08 $18.72 $0.00 
Labor $12.89 $25.94 $7.06 $16.11 $11.32 $25.94 $7.06 $15.72 
Total Var. Exoenses $118.81 $96.03 $68.62 $116.89 $106.26 $96.03 $68.62 $114.38 
Fixed Expenses 
Land $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 $130.00 
Total Income $326.41 $409.46 $221.60 $365.54 $308.40 $380.42 $221.60 $343.60 
Total Expenses $248.81 $226.03 $198.62 $246.89 $236.26 $226.03 $198.62 $244.38 
Net Income/A $77.59 $183.44 $22.98 $118.65 $72.14 $154.40 $22.98 $99.22 
Rotation Income/A $100.66 $87.19 
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Table 7. (continued) 
Conventional in 2002 
Corn Sovbean 
Income 
Grain vield (bu/acre) 136.65 37.44 
Price 1$/bu) $2.24 $7.19 
Straw vield (Ions/acre) 0.00 0.00 
Price /$/ton) $0.00 $0.00 
Hav vie Id /tons/acre) 0.00 0.00 
Price /$/ton) $0.00 $0.00 
Total Income ($/acre) $306.10 $269.17 
Variable Expenses 
Choo stalks $0.00 $6.60 
Soread compost $0.00 $0.00 
Fertilizer $28.66 $0.00 
Moldboard plow $0.00 $0.00 
Disk $0.00 $3.57 
Field cultivate $3.32 $3.32 
Drill $0.00 $0.00 
Roll $0.00 $0.00 
Plant $6.11 $6.11 
Seed $33.40 $17.65 
Rotarv hoe $2.66 $3.99 
Cultivate $5.54 $5.54 
Herbicides $0.00 $0.00 
Mow-conditioner $0.00 $0.00 
Rake $0.00 $0.00 
Cut/Swath $0.00 $0.00 
Bale / all cuttinQs) $0.00 $0.00 
Combine $20.83 $17.08 
Labor $7.57 $7.94 
Total Var. Exoenses $108.09 $71.80 
Fixed Exoenses 
Land $130.00 $130.00 
Total Fixed Exoenses $130.00 $130.00 
Total Income $306.10 $269.17 
Total Exoenses $238.09 $201.80 
Net Income/A $68.02 $67.38 
Rotation Income/A $67.70 
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Figure 2. Nitrogen content oflegume roots and shoots in the three-year organic treatments 
prior to moldboard plowing in the spring of 2001 and 2002. 
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Figure 3. Nitrogen mineralization in the three-year organic and the two-year conventional 
treatments at each sampling date in 2001 and 2002. 
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Figure 4. Nitrogen mineralization in relation to the amount of precipitation in the three-year 
organic and the two-year conventional treatments at each sampling date in 2001 and 2002. 
Precipitation levels in 2001 and 2002 are signified by the bar graphs. 
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Figure 5. Accumulated nitrogen mineralization in the three-year organic and the two-year 
conventional treatments in 2001. 
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Figure 6. Accumulated nitrogen mineralization in the three-year organic and the two-year 
conventional treatments in 2002. 
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Figure 7. Late spring nitrate-N values in the three-year organic and the two-year 
conventional treatments in 2001 and 2002. 
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Figure 8. Fall stalk nitrate-N values in the three-year organic and the two-year conventional 
treatments in 2001 and 2002. 
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Figure 9. Nitrate-N leaching potential values in the three-year organic and the two-year 
conventional treatments in 2001 and 2002. 
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Figure 10. Average gravimetric soil water content in the upper 150 cm (5 ft) of soil in the 
three-year organic and the two-year conventional treatments in 2001 and 2002. 
Gravimetric Soil Water Content 
0.33 
~ 0.31 
■ Emergence 2001 
D Mllk2001 ·o 
1/j 0.29 
~ ... 
0.27 · .s ; 
0.25 
C, -- 0.23 -C 
Q) - 0.21 C: 
0 
(.) 
0.19 ... 
Q) -ca 
3: 0.17 
0.15 
3PJ NC 3 PJ C 3RcNC 
Treatment 
D Dough 2002 
3 RcC Conv 
(E
€
E"
=t,
o
F
69
Figure 1 1. Corn grain yields in the three-year organic and the two-year conventional
treatments in 2001 and2002.
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Figure 12. Hay dry matter yields in the four-year organic treatments in 2001 and 2002. 
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Figure 13. Soybean grain yields in the three-year organic and the two-year conventional 
treatments in 2001 and 2002. 
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CHAPTER 5. CONCLUSION 
Nitrogen mineralization of legume green manures was not significantly affected by 
the addition of composted swine manure, while immature legume plowdowns may enhance 
the total N mineralization from compost amendments. The plowdown N yield and C:N ratio 
of both legumes influenced the amount ofN that was available for a succeeding com crop, 
but other factors such as the fiber content of the plowdown material and weather conditions 
may play a large role in the availability ofN throughout the season as well. Concerns that 
spring incorporation ofliving green manures would significantly reduce moisture levels in 
the soil were not observed in this experiment. No differences were found in the gravimetric 
soil water content between the organic system with spring legume growth and incorporation 
and the conventional system following a soybean crop. 
Red clover green manure appears to be better suited than alfalfa to provide an 
adequate supply ofN for a succeeding com crop in systems where the legumes are 
incorporated the year following establishment. In high yielding environments, alfalfa will 
deliver higher hay yields the second year of establishment than red clover, but red clover 
appears to be more consistent over varying weather conditions in the first two years of 
establishment. A mixture of these two species in the same field may be beneficial in 
cropping systems that include at least one year of hay, but in this study, red clover appears to 
be the best choice as a legume green manure if the legumes are established for only one 
growmg season. 
The addition of composted swine manure to both green manures increased com yields 
in both 2001 and 2002, with no additional risk of nitrate leaching. Compost applications 
prior to planting com may also increase soybean yields the following growing season due to 
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a nutrient carryover from the compost. Farmers currently growing conventional com and 
soybeans could benefit economically by switching to a three-year or four-year organic 
rotation that includes a red clover green manure with the addition of composted swine 
manure. 
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CHAPTER 6. GENERAL CONCLUSION 
Data from this research showed that red clover is better suited than alfalfa as a green 
manure crop in systems where the legume is established for only one season. As a producer, 
it may be beneficial to include a mixture of both alfalfa and red clover if the forages are 
going to be established for more than one season and used as a hay crop. This will provide 
good yields in favorable conditions while insuring respectable yields during unfavorable 
weather conditions. The addition of composted manure was beneficial to crop yields and net 
income, but could be replaced by either raw manure or commercial fertilizer to maintain crop 
productivity. 
A few concerns that were noted during this experiment were weed management, time 
constraints, and seedbed preparation. Organic rotations appeared to compete well with the 
conventional system in this study, but weed management must be a top priority for organic 
producers. One season of poor weed management could drastically reduce yields and overall 
income on a farm for many seasons. This author believes that proper weed management can 
be attained with diverse cropping rotations, timely rotary hoeing and row crop cultivations, 
and some hand weeding in certain years. This leads to the second concern of time constraints 
because rotary hoeing, cultivating, and hand pulling weeds require considerably more time 
than spraying herbicides to kill weeds. The added time of these operations will reduce the 
amount of land a producer can farm, but increased profits per acre would allow farmers to 
maintain the same level of income on fewer acres, thus make room for additional farmers in 
the community. The last concern is based on the poor corn emergence following spring 
moldboard plowing. As was noted earlier, rolling the plots prior to planting allowed for 
improved emergence, but time constraints and compaction caused by this additional field 
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operation need to be evaluated. Plowing the plots in the fall would help to alleviate this 
concern because the soil would have time to settle before planting, but this could lead to the 
mineralization of organic N too early in the season and increase the risk of wind and water 
erosion in winter and early spring. 
Future research should focus on understanding and alleviating these concerns. 
Researchers have made giant strides in developing knowledge and equipment to better 
manage weeds in organic systems, but weeds continue to be one of the biggest concerns for 
both organic and conventional farmers alike. Developing more advanced weed management 
techniques will reduce the amount of time required to manage weeds and this would reduce 
the strain put on organic producers early in the season. Future research should also focus on 
developing organically certified methods of killing perennial legumes that do not require the 
use of a moldboard plow. Moldboard plowing effectively kills and incorporates plant 
material, but it leaves the soil surface vulnerable to soil erosion. Conventional producers can 
kill growing legumes and cover crops by way of herbicides, which leave abundant residue on 
the soil surface to reduce erosion. Unfortunately, organic producers do not have this option. 
Future research should also focus on comparing the N availability for crops following 
legumes that have been established for one, two, and three growing seasons. This research 
should also be conducted on soils that contain lower amounts of soil organic matter because 
many soils in Iowa no longer contain the 5. 7% organic matter that was present in the 
experimental plots. High levels of soil organic matter increase the available N for 
succeeding crops and may minimize the differences between legume green manures. A 
better understanding of these issues will greatly improve the environmental, economical, and 
sociological sustainability of our farming systems. 
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APPENDIX 1. PLOT DESIGN AND TREATMENT LAYOUT 
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Plot Design for 2001 
Block 3 Block 4 
314 324 334 344 354 364 374 384 394 414 424 434 444 454 464 474 484 494 
2 25 14 10 29 30 24 8 20 9 17 30 7 29 21 I 16 27 
313 323 333 343 353 363 373 383 393 413 423 433 443 453 463 473 483 493 
3 26 15 9 29 30 22 6 18 11 19 30 5 29 22 4 13 25 
312 322 332 342 352 362 372 382 392 412 422 432 442 452 462 472 482 492 
I 28 13 12 29 30 23 7 19 10 18 30 6 29 24 2 15 28 
311 321 331 341 351 361 371 381 391 411 421 431 441 451 461 471 481 491 
4 27 16 11 29 30 21 5 17 12 20 30 8 29 23 3 14 26 
00 ™ ™ 00 CT CT ™ 00 ™ 00 ™ CT 00 CT ™ 00 ™ ™ 
C L C ~ C g ~ g g ~ g g g C ~ C C L 
114 124 134 144 154 164 174 184 194 214 224 234 244 254 264 274 284 294 
30 8 23 29 11 3 27 13 17 20 11 13 2 23 30 6 29 25 
113 123 133 143 153 163 173 183 193 213 223 233 243 253 263 273 283 293 
30 5 21 29 10 4 26 14 20 18 12 14 4 22 30 7 29 26 
112 122 132 142 152 162 172 182 192 212 222 232 242 252 262 272 282 292 
30 7 22 29 12 I 28 16 18 17 10 15 3 24 30 8 29 28 
Ill 121 131 141 151 161 171 181 191 211 221 231 241 251 261 271 281 291 
30 6 24 29 9 2 25 15 19 19 9 16 1 21 30 5 29 27 
CT 00 ™ CT 00 00 ™ ™ ™ ™ 00 ™ 00 ™ CT 00 CT ™ 
g g ~ C ~ C L C g g ~ C C ~ g g C L 
Block 1 Block 2 
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Plot Design for 2002 
Block 3 Block 4 
314 324 334 344 354 364 374 384 394 414 424 434 444 454 464 474 484 494 
6 13 18 2 30 29 28 12 24 I 21 29 11 30 25 5 20 15 
313 323 333 343 353 363 373 383 393 413 423 433 443 453 463 473 483 493 
7 14 19 I 30 29 26 10 22 3 23 29 9 30 26 8 17 13 
312 322 332 342 352 362 372 382 392 412 422 432 442 452 462 472 482 492 
5 16 17 4 30 29 27 II 23 2 22 29 10 30 28 6 19 16 
311 321 331 341 351 361 371 381 391 411 421 431 441 451 461 471 481 491 
8 15 20 3 30 29 25 9 21 4 24 29 12 30 27 7 18 14 
00 ~ ~ 00 CT CT ~ 00 ~ 00 ~ CT 00 CT ~ 00 ~ ~ 
g C g C g C L ~ ~ C ~ C ~ g L g g C 
114 124 134 144 154 164 174 184 194 214 224 234 244 254 264 274 284 294 
29 12 27 30 3 7 15 17 21 24 3 17 6 27 10 29 30 13 
113 123 133 143 153 163 173 183 193 213 223 233 243 253 263 273 283 293 
29 9 25 30 2 8 14 18 24 22 4 18 8 26 11 29 30 14 
112 122 132 142 152 162 172 182 192 212 222 232 242 252 262 272 282 292 
29 11 26 30 4 5 16 20 22 21 2 19 7 28 12 29 30 16 
111 121 131 141 151 161 171 181 191 211 221 231 241 251 261 271 281 291 
29 10 28 30 I 6 13 19 23 23 I 20 5 25 9 29 30 15 
CT 00 ~ CT 00 00 ~ ~ ~ ~ 00 ~ 00 ~ 00 CT CT ~ 
C 0/L L SB C SB C SB 0/L 0/L C SB SB L 0/L C SB C 
Block 1 Block 2 
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Treatment Layout for 2001 and 2002 
Treatment Management Rotation Length Entry Point Legume Compost/N 
1 Organic 3 year Com Alfalfa No compost 
2 Organic 3 year Com Alfalfa + compost 
3 Organic 3 year Com Red Clover No compost 
4 Organic 3 year Com Red Clover + compost 
5 Organic 3 year Soybean Alfalfa No compost 
6 Organic 3 year Soybean Alfalfa + compost 
7 Organic 3 year Soybean Red Clover No compost 
8 Organic 3 year Soybean Red Clover + compost 
9 Organic 3 year Oat/Legume Alfalfa No compost 
10 Organic 3 year Oat/Legume Alfalfa + compost 
11 Organic 3 year Oat/Legume Red Clover No compost 
12 Organic 3 year Oat/Legume Red Clover + compost 
13 Organic 4 year Com Alfalfa No compost 
14 Organic 4year Com Alfalfa + compost 
15 Organic 4 year Com Red Clover No compost 
16 Organic 4 year Com Red Clover + compost 
17 Organic 4 year Soybean Alfalfa No compost 
18 Organic 4 year Soybean Alfalfa + compost 
19 Organic 4 year Soybean Red Clover No compost 
20 Organic 4 year Soybean Red Clover + compost 
21 Organic 4 year Oat/Legume hay Alfalfa No compost 
22 Organic 4 year Oat/Legume hay Alfalfa + compost 
23 Organic 4 year Oat/Legume hay Red Clover No compost 
24 Organic 4 year Oat/Legume hay Red Clover + compost 
25 Organic 4year Legume hay Alfalfa No compost 
26 Organic 4 year Legume hay Alfalfa + compost 
27 Organic 4 year Legume hay Red Clover No compost 
28 Organic 4 year Legume hay Red Clover + compost 
29 Conventional 2 year Com None 130 lb N 
30 Conventional 2 year Soybean None 130 lb N 
